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157] ABSTRACT

Intermediates of the formula

I P
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R3

are disclosed. These compounds are useful in preparing
substituted peptide compounds which possess hypoten-
stve and analgesic activity.
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1
INTERMEDIATES FOR SUBSTITUTED PEPTIDE
COMPOUNDS

RELATED APPLICATION 5

This apphcation is a division of application Ser. No.
200,581, filed June 2, 1983, now U.S. Pat. No. 4,470,973,
which in turn was a continuation-in-part of application
Ser. No. 399,650, filed July 19, 1982, now abandoned.

- BACKGROUND OF THE INVENTION

Almquist et al., “Synthesis and Biological Activity of
a Ketomethylene Analogue of a Tripeptide Inhibitor of
Angiotensin Converting Enzyme”, J. Med. Chem.,
1980, 23, 1392-1398, disclose the ketomethylene com- 19

pound of the formula

10

N Il i 20
@—-c—-—NH—(I:H—-C-—(CH;)g—-c—N COOH.
(L)
CH; H

25

Meyer et al, “Novel Synthesis of (S)-1-[5-(Ben-
zoylamino)-1,4-dioxo-6-phenylhexyl]-L-proline and 5,
Analogues:Potent Angiotensin Converting Enzyme
Inhibitors™, J. Med. Chem., 1981, 24, 964-969, disclose
the synthesis and activity of compounds of the formula

35
IRJ'
"NH X

' O
| | |
R—CHy—CH—C~—(CHj),—C—Y

40
Meyer et al.,, “Angiotensin Converting Enzyme In-
~hibitors: Modifications Of A Tripeptide Analogue”, J.
Med. Chem., 1982, 25, 996-999, disclose the synthesis

and activity of compounds of the formula
45

O O
I I

| O CHg“‘*C{H"C“CHz“‘X*CHg“C“R
NH

(I.'3=O 50

53

wherein X can be NH and R can be L-proline.
Almaquist et al. in U.S. Pat. No. 4,329,473 disclose
- oxoalkanoic acid derivatives of L-proline as angiotensin
converting enzyme inhibitors.
~ Gravestock et al. in European Patent Application
No. 45161 disclose hypotensive compounds of the for-
mula

60

RI—Y—NR2_CHR3—-X—CHR!!—CH-
R*—CO—NR5—CRSR16_Q—RI0 65

Mercaptoacyl derivatives of proline and substituted
prolines are known to be useful hypotensive agents due

4,535,176
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to their angiotensin converting enzyme inhibition activ-
ity. Ondetti, et al. in U.S. Pat. No. 4,105,776 disclose
such compounds wherein the proline ring is unsubsti-
tuted or substituted by an alkyl or hydroxy group. On-
dettl, et al. in U.S. Pat. No. 4,154,945 disclose such
compounds wherein the proline ring is substituted with
one or more halogens. Ondetti, et al. in U.S. Pat. No.
4,316,906 disclose such compounds wherein the proline
ring 1s substituted by various ethers and thioethers.
Krapcho in U.S. Pat. No. 4,217,359 disclose such com-
pounds wherein the proline ring has a carbamoyloxy
substituent. Krapcho in U.S. Pat. No. 4,311,697 dis-
closes compounds wherein the proline ring has a di-
ether, dithioether, ketal or thioketal substituent in the
4-position. Krapcho in U.S. Pat. No. 4,316,905 discloses
such compounds wherein the proline ring has a cycloal-
kyl, phenyl, or phenyl-lower alkylene substituent. On-
detti, et al. in U.S. Pat. No. 4,234,489 disclose such
compounds wherein the proline has a keto substituent in
the 3-position. Krapcho, et al. in U.S. Pat. No. 4,310,461
disclose such compounds wherein the proline has an
imido, amido, or amino substituent in the 4-position.
Iwao, et al. in U.K. Patent Application No. 2,027,025
disclose such compounds wherein the proline has an
aromatic substituent in the 5-position.

Mercaptoacyl derivatives of 3,4-dehydroproline are
disclosed as angiotensin converting enzyme inhibitors
by Ondetti in U.S. Pat. No. 4,129,566. Mercaptoacyl
derivatives of thiazolidinecarboxylic acid and substi-

‘tuted thiazolidinecarboxylic acid are disclosed as angio-

tensin converting enzyme inhibitors by Ondetti in U.S.
Pat. No. 4,192,878 and by Yoshitomo Pharmaceutical
Ind. 1n Belgium Patent No. 868,532.

Mercaptoacyl derivatives of dihydroisoindole car-
boxylic acids and tetrahydroisoquinoline carboxylic

acids are disclosed as being useful hypotensive agents

by Ondetti et al., in U.S. Ser. No. 69,031, filed Aug. 23,
1979. These mercaptoacyl tetrahydroisoquinoline com-
pounds are also disclosed by Portlock in U.K. Applica-
tion No. 2,048,863 and by Hayashi et al. in U.S. Pat. No.
4,256,751.

Various carboxyalkyl dipeptide angiotensin convert-
ing enzyme inhibitors are disclosed by Patchett et al. in

Eurc::pean Patent Application No. 12,401 and by Harris
et al. in U.S. Pat. No. 4,374,829.

- SUMMARY OF THE INVENTION

This invention is directed to substituted peptide com-
pounds of formula I and salts thereof

i v
R3—CH—C—CH;—N—CH=-C—X
| (L)

NH

I
T
R»

X is an amino or imino acid of the formula

R~y |
)\ CH2
HAC CH-> \|— Rg
| |
~N C—CQOORg, ""N C—COORg,

}'1 (L) 1'{ L)
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-continued
R Rio
Rg CI:.I.E 0>'<
\I/ CH, HZ(IZ (IZHZ
|
—N- : (IJ--COORf,, —N (l:""COORﬁ,
L L
b (L) i (L)
(\ Ryi S Ri2
R'“X \|<R’12
—N ?"COOR{., —N cI:—COQRﬁ,
L L)

o (D) L (
_O , —N— C—COORg, —N —— C—COORg,
C—COORg | (L) L (@)
| (L) H H

H
— N C—COORg, — ~
1'{ (L) (I.'J—-COOR.S,

L
H()

R4

e
N /‘\
l

—N—CH—COORg, or —N

| l
R4 Rs H

(L)

- R7is hydrogen, lower alkyl, halogen, keto, hydroxy,

ﬁ' Rig

—NH—C—Ilower alkyl, azido, amino, =—=N y

/

]
~NH~—C—(CH3);
(R l4)p

--@Hgm@ -
| (R13)p O
—(CHz)m—t J , —tcmm—@ ,
S N

a 1- or 2-naphthyl of the formula
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—{(CH2)s

(R14)p —(CH2);m—cycloalkyl,

O Ris
N/
—(O—C—N
AN
Ris

, —O—lower alkyl,

—O—(CH)m

(R 13)p

a 1- or 2-naphthyloxy of the formula

—O—(CH)m

@—(Rlﬂp, - S—lower alkyl,
(le'))p

or a 1- or 2-naphthylthio of the formula

—S—(CH)m

Ry is keto, halogen,

O Ris
[ /
N
Ris (R13)p

-O-lower alkyl, a 1- or 2-naphthyloxy of the for-
mula

—O—(CH2)m

(R14)p, —S—lower alkyl,

3= (CH2)m

(Rla)p

or a 1- or 2-naphthylthio of the formula
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35— (CH2)n,

(R14)p-

Rg 1s keto or

—(CH2)m

(R13)p

Rjo1s halogen or —Y—Rs.

Ri11, Rit', Ri2 and Ry’ are independently selected
from hydrogen and lower alkyl or R, Ri2and Ri,’ are
hydrogen and Ry is

(Ri4)p

R131s hydrogen, lower alkyl of 1 to 4 carbons, lower
alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4
‘carbons, chloro, bromo, fluoro, trifluoromethyl,
hydroxy, phenyl, phenoxy, phenylthio, or phenyl-
methyl. - |

Ri41s hydrogen, lower alkyl of 1 to 4 carbons, lower
alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4

- carbons, chloro, bromo, fluoro, trifluoromethyl, or
hydroxy.

m 1S zero, one, two, three, or four.

p 1s one, two or three provided that p is more than
one only if Rj3 or R4 is hydrogen, methyl, me-
thoxy, chloro, or fluoro. |

R151s hydrogen or lower alkyl of 1 to 4 carbons.

Y is oxygen or sulfur.

R1¢ 1s lower alkyl of 1 to 4 carbons,

"“(CHZ)m

(R 3)p

~or the Rj¢ groups join to complete an unsubstituted
3>- or 6-membered ring or said ring in which one or
“more of the carbons has a lower alkyl of 1 to 4
carbons or a di(lower alkyl of 1 to 4 carbons) sub-
stituent.
R4 1s hydrogen, lower alkyl,

—{(CH2z)m , ~(CH2)m=—cycloalkyl,

“(CHz)m—.F] , —(CHz)m—m ,

S O

6

-continued

_(CHZ)m@ ’ —CO , O
S .
N
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Rs1s hydrogen, lower alkyl,

_(CHZ)F y “(CHZ):' OH:r
—(CH2),—OH, —(CHy), OH,
OH
e JO) mem—»
N [ g
| N
H |

H
—(CHy),~~NH,, —(CH3),—SH, —(CH2),~S—Ilower alkyl,

NH | O
| 7 }
—(CH3),—NH—C , of =—(CHj3),~C—NH.-.
N\ .
NH»-

r 1s an integer from 1 to 4.

Ri9 1s lower alkyl, benzyl, or phenethyl.

R0 1s hydrogen, lower alkyl, benzyl or phenethyl.
R 1s hydrogen, lower alkyl, cycloalkyl,

~(CH2)p, @ , —(CH32)2—NHj, —(CH3)3—NH),,

—(CHj3)4—NHj, —(CH3),—O0H, —(CH3)3~~0H,
—(CH2)4—OH, ~~(CH3)2—SH, —(CH3)3—SH, or

~—(CH3)4~~SH.

R i1s hydrogen, lower alkyl, halo substituted lower
alkyl,

_;(Cﬂz)r‘@ ; —(CHZ),—@ OH,

“"‘(CHz)r OH, _(CHZ)rAE—j@ ,
OH If
H



4,535,176

7
-continued
—(CH3), N, —(CHj),—NHj, —(CH3;),—SH,
L
N
f

—(CH3),—OH, —(CH3),—S—lower alkyl,

NH O
V4 |
—(CH;),——NH-—C\ , or —{CH3),—C—NH)

NH>
provided that R;is hydrogen only if R 1s other than
hydrogen.

R51s

—(CH2),

’ "(CHE)m—E J '
(Rl4)p )
—(CHz)m—E—j , Or “(CHg)m—@ .
O N

R31s hydrogen, lower alkyl,

(R14)p S
e ] et )
-
O N

lower alkyl, —(CH2),—cycloalkyl, —(CH?3),

, halo substituted

OH,

OH

—(CHy)- l , —(CH2),—OH,

NH
Y4
—{CH2),—S—lower alkyl, —"(CHZ)F—NH—C\
NH>

, OT

0
|
C—NH;

—(CH3),

wherein m, R4, p and r are as defined above.
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8
R is hydrogen, lower alkyl, benzyl,benzhydryi,
R
o g
—(IZH-—O C—Rys, -—(l:——-c*——o-st, —CH—(CH>;—OH)3,
Ry7 Ra2
—CHQ—(EH—(I:HQ, —{(CH»)»—N(CH3)3, or _CHQ@ .
OH OR N -

R171s hydrogen, lower alkyl, cycloalkyl, or phenyl.
Rgis hydrogen, lower alkyl, lower alkoxy, or phenyl
or Rj7 and Rg taken together are

—(CH3)p—, —(CH3)3—, —CH=CH—, or

R21 and R3; are independently selected from hydro-
gen and lower alkyl.

R73 1s lower alkyl.

R24 18 hydrogen, lower alkyl,

@.

N

DETAILED DESCRIPTION OF THE
INVENTION

This invention in its broadest aspects relates to the
substituted peptide compounds of formula I above, to
compositions and the method of using such compounds
as pharmaceutical agents, and to intermediates useful in
preparing these compounds.

The term lower alkyl used in defining various sym-
bols refers to straight or branched chain radicals having
up to seven carbons. The preferred lower alkyl groups
are up to four carbons with methyl and ethyl most pre-
ferred. Similarly the terms lower alkoxy and lower
alkylthio refer to such lower alkyl groups attached to an
oxygen or sulfur.

The term cycloalkyl refers to saturated rings of 3 to 7
carbon atoms with cyclopentyl and cyclohexyl being
most preferred.

The term halogen refers to chloro, bromo and fluoro.

The term halo substituted lower alkyl refers to such
lower alkyl groups described above in which one or
more hydrogens have been replaced by chloro, bromo
or fluoro groups such as trifluoromethyl, which is pre-
ferred, pentafluoroethyl, 2,2,2-trichloroethyl, chloro-
methyl, bromomethyl, etc.

The symbols
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—_(CHz)m"t—/" , —(CHz)m‘E_j . and

S O

“(CHZ)m@

N

- represent that the alkylene bridge is attached to an
available carbon atom. .

The compounds of formula I wherein R is hydrogen
can be prepared by converting a carboxymethyl peptide
ester of the formula |

Rj 'ill) (II)

|
HO~C—CH;—N—CH—C~—X
| (L)

I
O R4o

to its acid chloride and then reacting with an oxazolone
of the formula

N
o
. Rz-—--(I:”" ““?H-Rg
O C=0

(I11)

wherein Rqp and R¢ (in the definition of X) are protect-
ing groups such as, for example, wherein Rag is ben-
zyloxycarbonyl and Rg is benzyl. Removal of the Rug
and Re¢ protecting group, for example, by hydrogena-
tion yields the products of formula I wherein Rg is hy-
drogen. |

The carboxymethyl peptide ester of formula II is
- prepared by reacting the peptide ester of the formula

]
HyN—CH—C—X
(L)

(1V)

with tert-butyl bromoacetate and then introducing the
R40 protecting group, for example, by treating with
benzyl chloroformate.

‘The compounds of formula I can also be prepared by

reacting a ketone of the formula
'ﬁi ’ﬁ»‘ (V)
RZ—C—NH—(IZH--C—CH'T--halo
R3

wherein halo 1s Cl or Br with the peptide ester of the
formula

R R O
| ] |

HN—CH—C—X
(L)

(V)

1n the presence of base such as sodium bicarbonate fol-
lowed by removal of the R¢ ester group.

The ketone intermediate of formula V can be pre-
pared by treating a ketone of the formula
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10
ri:l) (VII)
R4g—NH—CH—C~CH3—halo

R3

wherein R4o1s a protecting group such as benzyloxycar-
bonyl with hydrogen bromide and acetic acid followed
by reaction with the acid halide of the formula

ﬁ (VII)

Ry—C-halo

In the presence of base such as sodium bicarbonate.
The compounds of formula I can also be prepared by
reacting an aminoketone of the formula

i P )
R;-—-C—-NH—(IIH-—C—CHQ—NH
R3

particularly the hydrochloride salt thereof with the
haloacetyl amino or imino acid ester of the formula

R lﬁl (X)

|
halo—CH—~—C—X

(L)

wherein Rg in the definition of X is an easily removable
ester protecting group and halo is Cl or Br.

The compounds of formula I can also be prepared by
coupling an aminoketone carboxylic acid or its chemi-
cal equivalent of the formula

1 i ] D
Ry—C~~NH—CH~—-C—CHy~~N—CH=-C-0OH

| (L)

R3

with the amino or imino acid or ester of the formula

HX. (XII)

This reaction can be performed in the presence of a
coupling agent such as dicyclohexylcarbodiimide or the
like, or by conversion of the acid of formula XI to its
mixed anhydride, symmetrical anhydride, acid halide,
active ester or by use of Woodward reagent K, N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline or the
like. For a review of the methods of acylation see Meth-
oden der Organischen Chemie (Houben-Weyl), Vol.
XV, part I, page 1 et seq. (1974). Preferably, the N-suc-
cinimide active ester form of the compound of formula
X1 1s reacted with the acid of formula X]II.

In these reactions, if R is hydrogen then that N-atom
1s protected by an easily removable protecting group
such as benzyloxycarbonyl.

The aminoketone of formula IX can be prepared by
converting the carboxyalkylamine of the formula

II{ (XIII)
HO~ ﬁ— CHy—N—Ryp
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wherein Ry4ois a protecting group such as benzyloxycar-
bonyl,to its acid chloride and then reacting with an
oxazolone of formula III to yield

0 R
I |

Rg--C""NH—(EH—C—-CHg—-N-Rm.
R3

(Ifl) (XIV)

Removal of the R4p protecting group such as by hydro-
genation yields the reactant of formula IX.

The aminoketone of formula IX wherein R is other
than hydrogen can also be prepared by reacting the
ketone of formula V with a substituted amine of the

formula

R—NH>. (XV)

The aminoketone carboxylic acid of formula XI can
be prepared by reacting the aminoketone of formula IX
with a haloacetic acid ester of the formula

Illl
halo—-CH—(C—0O—Prot
(L)

ﬁ) (XVI)

wherein Prot is an easily removable ester protecting
group such as t-butyl to yield the ester

O O R R
| | | |

R,—C—NH—CH—C—CH;—NH—CH—C—0—Prot.
I (L)
R3 (XVID

0
|

Removal of the ester protecting group gives the reac-
tant of formula XI.

In the above reactions if any or all of R, Ry, R3 and
Rs are

—(CH3), OH, —(CH3), OH,
OH
—{CH3);—NH3;, —(CH);, N, —(CH),—SH,
[
' |
H
NH
V4
—(CH3),—O0H, or —(CH3),~—~NH—C
N
NH>

then the hydroxyl, amino, imidazolyl, mercaptan or
guanidinyl function should be protected during the
reaction. Suitable protecting groups include benzylox-
ycarbonyl, t-butoxycarbonyl, benzyl, benzhydryl, tri-
tyl, etc., and nitro in the case of guanidinyl. The pro-
tecting group 1s removed by hydrogenation, treatment
with acid, or other known methods following comple-
tion of the reaction.

The ester products of formula I wherein Rg is lower
alkyl, benzyl or benzhydryl can be chemically treated
such as with sodium hydroxide in aqueous dioxane or
with trimethylsilylbromide to yield the products of

10
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12

formula I wherein Rgis hydrogen. The benzyl and benz-
hydryl esters can also be hydrogenated, for example, by
treating with hydrogen in the presence of a palladium
on carbon catalyst.

The ester products of formula I wherein Rg 1s

O

Il .
-"(IZH" O—C—Ri3
R17

may be obtained by employing the peptide of formula
IV or VI or the haloacetyl amino or imino acid ester of
formula X in the above reactions with such ester group
already in place. Such ester reactants can be prepared
by treating the peptide of formula IV or VI or the
haloacetyl amino or imino acid ester of formula X
wherein Rg is hydrogen with an acid chloride such as

0O O
| I

CHy—0=~C~Cl or (H3C)3—C—0—C—Cl

so as to protect the N-atom. The protected compound i1s
then reacted in the presence of a base with a compound
of the formula

(XVIID

wherein L is a leaving group such as chlorine, bromine,
tolylsulfonyl, etc., followed by removal of the N-
protecting group such as by treatment with acid or
hydrogenation.

The ester products of formula I wherein Rg 1s

O
I
—(I:H—o--c--ng
R17

can also be obtained by treating the product of formula
I wherein Rg is hydrogen with a molar excess of the

compound of formula XVIII.
The ester products of formula I wherein Rg i1s

R21

O
|

can be prepared by treating the product of formula I
wherein Rg1s hydrogen with a molar excess of the com-
pound of the formula

R21 O

!
[—C—C—0—Ry.

I
R22

(XIX)

The ester products of formula I wherein Rg 1s
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—CH~(CH;—OH); or —CH;—CH—CH,

|
OH OH

can be prepared by coupling the product of formula I
wherein Rgis hydrogen with a molar excess of the com-
pound of the formula

C'}H—(CHZ--OPrm)z xx) 10
OH
or the formula
15
CH;—CH-——CH; (XXI)

OH OProt OProt

in the presence of a coupling agent such dicyclohexyl-
carbodumide followed by removal of the hydroxyl
protecting groups.

Similarly, the ester products of formula I wherein Rg

1S
—{CH3)—N(CHj3), or —CH2©

N

20

235

30
can can be prepared by coupling the product of formula

I wherein Rg is hydrogen with a molar excess of the
compound of the formula

35
HO—CH,—CH;—N—(CH3); (XXII)
or the formula
(XXII) 40
N

in the presence of a coupling agent such as dicyclohex-
- ylcarbodiimide.

The esters of formula I wherein Rgis lower alkyl can
be obtained from the carboxylic acid compounds, i.e.,
wherein Rg is hydrogen, by conventional esterification
procedures, e.g., treatment with an alkyl halide of the
formula Rg-halo or an alcohol of the formula Re-OH.

The peptide esters of formulas IV and VI may be
obtained by coupling the hydrochloride salt of the
amino or 1mino acid ester of formula XII wherein Rg s, 55
for example, benzyl with the N-protected amino acid of
the formula

50

R Ry (XXIV)
| 60
Prot-N—CH—COOQOH
(L)
~wherein Prot is a protecting group such as
635

Il
—C—0—(CHj3)s.

43

14

Preferably, this reaction is performed in the presence of
a coupling agent such as dicyclohexylcarbodiimide.
Removal of the N-protecting group, for example, by
treatment with trifluoroacetic acid yields the peptide
esters of formulas IV and VL.

The haloacetyl amino or imino acid ester of formula
X can be prepared by reacting the amino or imino acid
ester of formula XII with a haloacetylhalide of the.
formula

ﬁ} (XXV)
halo-CHy=~—C—halo.

The products of formula I wherein R7is amino may
be obtained by reducing the corresponding products of
formula I wherein R+ is azido.

Preferred compounds of this invention with respect
to the peptide part of the structure of formula I are
those wherein:

R 1s hydrogen, straight or branched chain lower alkyl

of 1 to 4 carbons, or phenyl.

R1 1s hydrogen, straight or branched chain lower

alkyl of 1 to 4 carbons, —CF3, —(CH3),—NH,
wherein r 1s an integer from 1 to 4,

—CH> , ~~CH> OH,
_CHZ OH, _CHZ y

OH If

H

N, =—CH»-—SH, —(CH>3);~~S—CHj3;,

|
H
NH O
Ve | I
—{CH>)}3sNHC , —CHy;—OH, —CH3;~C—NH;, or
NH->

0
—(CH3);=C—NH;

provided that R;is hydrogen only if R is other than
hydrogen.

R4 is hydrogen, cyclohexyl or phenyl.

Rs 1s hydrogen, straight or branched chain lower
alkyl of 1 to 4 carbons,

—CH>0OH, —CH; , ==CH-> OH,
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-continued

| 5
OH If
H

—CH> N, —(CHj)4—NH;, —CH;~—S§H, 10
L

N
:
H

NH O 15

/ |
—{(CH»)—8—CH3, —(CH2)3:NHC , —~CH—C—NH»y or
NH>
O 20

|
—(CHz,—C

NH».

R¢ is hydrogen, straight or branched chain lower

alkyl of 1 to 4 carbons, alkali metal salt, 75
I I
-"(IZH-"'()—C-RIB, —CHy—C—0R33, —CH—(CH;—0H),,
Ri7 30
'—CHQ—(IZH—(IZHQ, —(CH3);—N{CH3)3, or —CHQA(O\ |
OH OH N - 35

R33is straight or branched chain lower alkyl of 1 to 4
carbons, especially —C(CH3)s.

R 17 1s hydrogen, straight or branched chain lower
alkyl of 1 to 4 carbons, or cyclohexyl.

R g is straight or branched chain lower alkyl of 1 to 4
carbons or phenyl.

R71s hydrogen.

R~ is hydroxy.

R7is straight or branched chain lower alkyl of 1 to 4
carbons or cyclohexyl.

R~ 1s amino.

40

43

R7 1s —O—Ilower alkyl wherein lower alkyl is
straight or branched chain of 1 to 4 carbons. 50
R71s
—(CH?2)m 55
Ri3
wherein m is zero, one or two and Ri31s hydrogen,
methyl, methoxy, methylthio, chloro, bromo,
fluoro, or hydroxy. 60
R71s
—0—(CHY).n 63

16

l-naphthyloxy or 2-naphthyloxy wherein m 1s zero,

one, or two and Ri3is hydrogen, methyl, methoxy,

methylthio, chloro, bromo, fluoro, or hydroxy.
R7is —S—Ilower alkyl wherein lower alkyl is straight

or branched chain of 1 to 4 carbons.
R~ 1s

Ri3

l-naphthylthio, or 2-naphthylthio wherein m is
zero, one, or two and Rj3 i1s hydrogen, methyl,
methoxy, methylthio, chloro, bromo, fluoro, or
hydroxy.

Rg is —O-——lower alkyl wherein lower alkyl is
straight or branched chain of 1 to 4 carbons.

Ry 1s

_0_(CH2)m
Ri3

wherein m is zero, one, or two and R31s hydrogen,
methyl, methoxy, methylthio, chloro, bromo,
fluoro, or hydroxy.

Rgis —S—Ilower alkyl wherein lower alkyl is straight
or branched chain of 1 to 4 carbons.

Rg 1s

- S_(CHZ)m
Ri3

wherein m is zero, one or two and R31s hydrogen,
methyl, methoxy, methylthio, chloro, bromo,
fluoro or hydroxy.

Rg is phenyl, 2-hydroxyphenyl, or 4-hydroxyphenyl.

R g are both fluoro or chloro.

Rig are both —Y—R g wherein Y 1s O or S, Rig 18
straight or branched chain lower alkyl of 1 to 4
carbons or the Rig groups join to complete an un-
substituted 5- or 6-membered ring or said ring in
which one or more of the available carbons has a
methyl or dimethyl substituent.

Ri1, R'11, Ri2 and R’z are all hydrogen, or Ry 1s
phenyl, 2-hydroxyphenyl, or 4-hydroxyphenyl and
R’11, R12 and R'q3 are hydrogen.

R4 1s phenyl.

Most preferred compounds of this invention with

respect to the peptide part of the structure of formula I

are those wherein:
X 18

R7

PN

H,C CH> -

| |
~~N—CH;—COORg, —N C~—COORg,

I | (@
R H()
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-continued
(CHj);
/
S S
><
Hg? ('ZHZ
—N C—COORg, or —N
| @)
H
(L)
COORy,

R is hydrogen or methyl.

R11s hydrogen, methyl, or —(CH3)4NH>, especially

- methyl, provided that R is hydrogen only if R is
other than hydrogen.

R¢ 1s hydrogen, straight or branched chain lower
alkyl of 1 to 4 carbons, or an alkali metal salt.

R4 1s cyclohexyl or phenyl.

R7 1s hydrogen, cyclohexyl, lower alkoxy of 1 to 4
carbons,

—(CH2)pm , —0O—(CH2)m y OF

Ri3

—S—(CH2)pm
R13

wherein m i$ zero, one, or two and R;31s hydrogen,
methyl, methoxy, methylthio, Cl, Br, F, or hy-
droxy, especially preferred wherein R7 is hydro-
gen.
t is two or three, especially where t is two.
Preferred compounds of this invention with respect
to the keto portion of the structure of formula I are

those wherein:
Rois

"'""(CHZ)m
Ri4

wherein m is zero, one, or two and R4 is hydrogen,
-methyl, methoxy, methylthio, Cl, Br, F, or hy-
droxy, especially phenyl.
R31s straight or branched chain lower alkyl of 1 to 4
‘carbons,

—(CH3),—NHj, —(CH)3)p, , OF

R4

—(CH)m O

N

wherein m is zero, one, or two, R4 is hydrogen,
methyl, methoxy, methylthio, Cl, Br, F, or hy-
droxy, and r is an integer from 1 to 4, especially
benzyl.
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The compounds of formula I wherein Rgis hydrogen
form salts with a variety of inorganic or organic bases.
The nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are also useful in isolat-
ing or purifying the product. Such pharmaceutically
acceptable salts include metal salts such as sodium,
potassium or lithium, alkaline earth metal salts such as
calcium or magnesium, and salts derived from amino
aclds such as arginine, lysine, etc. The salts are obtained
by reacting the acid form of the compound with an
equivalent of the base supplying the desired ion in a
medium in which the salt precipitates or in aqueous
medium and then lyophilizing.

Similarly, the compounds of formula I, especially
wherein Rg1s an ester group, form salts with a variety of
inorganic and organic acids. Again, the non-toxic phar-
maceutically acceptable salts are preferred, although
other salts are also useful in isolating or purifying the
poduct. Such pharmaceutically acceptable salts include
those formed with hydrochloric acid, methanesulfonic
acid, sulfuric acid, maleic acid, etc. The salts are ob-
tained by reacting the product with an equivalent
amount of the acid in 2 medium in which the salt precip-
itates.

As shown above, the peptide portion of the molecule
of the products of formula I represented by

Pl
==N—CH—C—X
(L)

0O
]

1s in the L-configuration. An asymmetric center is also
present in the keto portion of the molecule when Rj is
other than hydrogen. Thus, the compounds of formula
I can exist in diastereoisomeric forms or in mixtures
thereof. The above described processes can utilize race-

mates, enantiomers or diastereomers as starting materi-

als. When diastereomeric products are prepared, they
can be separated by conventional chromatographic or
fractional crystallization methods.

The products of formula I wherein the imino acid
ring 1s monosubstituted give rise to cistrans isomerism.
‘The configuration of the final product will depend upon
the configuration of the R7, Rgand Rg substituent in the
starting material of formula XII.

The compounds of formula I, and the pharmaceuti-
cally acceptable salts thereof, are hypotensive agents.
They inhibit the conversion of the decapeptide angio-
tensin I to angiotensin II and, therefore, are useful in
reducing or relieving angiotensin related hypertension.
The action of the enzyme renin on angiotensinogen, a
pseudoglubulin in blood, produces angiotensin I. Angi-
otensin I 1s converted by angiotensin converting en-
zyme (ACE) to angiotensin II. The latter is an active
pressor substance which has been implicated as the
causative agent in several forms of hypertension in vari-
ous mammalian species, e.g., humans. The compounds
of this invention intervene in the angiotensinogen—
(renin)—angiotensin I—angiotensin II sequence by in-
hibiting angiotensin converting enzyme and reducing or
eliminating the formation of the pressor substance angi-
otensin II. Thus by the administration of a composition
containing one (or a combination) of the compounds of
this invention, angiotensin dependent hypertension in a
species of mammal (e.g., humans) suffering therefrom is
alleviated. A single dose, or preferably two to four
divided daily doses, provided on a basis of about 0.1 to
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100 mg., preferably about 1 to 50 mg., per kg. of body

weilght per day is appropriate to reduce blood pressure.
The substance is preferably administered orally, but
parenteral routes such as the subcutaneous, intramuscu-
lar, intravenous or intraperitoneal routes can also be 35
employed.

The compounds of this invention can also be formu-
lated in combination with a diuretic for the treatment of
hypertension. A combination product comprising a
compound of this invention and a diuretic can be admin-
istered in an effective amount which comprises a total
daily dosage of about 30 to 600 mg., preferably about 30
to 330 mg. of a compound of this invention, and about
15 to 300 mg., preferably about 15 to 200 mg. of the
diuretic, to a mammalian species in need thereof. Exem-
plary of the diuretics contemplated for use in combina-
tion with a compound of this invention are the thiazide
diuretics, e.g., chlorothiazide, hydrochlorothiazide,
flumethiazide, hydroflumethiazide, bendroflumethia-
zide, methyclothiazide, trichloromethiazide, polythia-
zide or benzthiazide as well as ethacrynic acid, ti-
crynafen, chlorthalidone, furosemide, musolimine,
bumetanide, triamterene, amiloride and spironolactone
and salts of such compounds.

The compounds of formula I can be formulated for ,
use in the reduction of blood pressure in compositions
such as tablets, capsules or elixirs for oral administra-
tion, or in sterile solutions or suspensions for parenteral
administration. About 10 to 500 mg. of a compound of
formula I is compounded with physiologically accept- 30
able vehicle, carrier, excipient, binder, preservative,
stabilizer, flavor, etc., in a unit dosage form as called for
by accepted pharmaceutical practice. The amount of
active substance in these compositions or preparations 1S
such that a suitable dosage in the range indicated 1s
obtained.

The compounds of formula I wherein X is

15

20

335

—NH—CH—COORg

|
Rs 40

also possess enkephalinase inhibition activity and are
useful as analgesic agents. Thus, by the administration
of a composition containing one or a combination of
such compounds of formula I or a pharmaceutically :
acceptable salt thereof, pain is alleviated in the mamma-
lian host. A single dose, or preferably two to four di-
vided daily doses, provided on a basis of about 0.1 to
about 100 mg. per kilogram of body weight per day,
preferably about 1 to about 50 mg. per kilogram per
day, produces the desired analgesic activity. The com-
position 1s preferably administered orally but parenteral
routes such as subcutaneous can also be employed.
The following examples are illustrative of the inven-
tion. Temperatures are given in degrees centigrade.
LH-20 refers to a Sephadex chromatography gel com-
mercially available from Pharmacia Fine Chemicals.

EXAMPLE 1

1-[N-[3-(Benzoylamino)-2-oxo-4-phenylbutyl]-L-
alanyl]-L-proline, monohydrochloride

50

55

60

(a) L-Alanyl-L-proline, phenylmethyl ester, -
p-toluenesulfonic acid salt

N-[(1,1-Dimethylethoxy)carbonyl]-L-alanine (310.7
g.), L-proline, phenylmethyl ester, hydrochloride
(396.2 g.), dicyclohexylcarbodiimide (338.6 g.), hydrox-
ybenzotriazole hydrate (251.5 g.), diisopropylethyla-

635

20

mine (285.7 ml.), and tetrahydrofuran (5 liters) are com-
bined at 0° (dicyclohexylcarbodiimide is added last) and
stirred at room temperature overnight. The reaction
mixture is filtered and concentrated. The residue is
dissolved in 4 1. of ethyl acetate and washed with 5%
sodium bicarbonate (2X2 1.), 5% potassium bisulfate
(22 1.) and water. The ethyl acetate layer 1s dried
(MgSQs) and concentrated. The residue is dissolved in
3 1. of diethyl ether and left at 0° overnight. The mixture
is filtered and the filtrate concentrated to yield 620 g. of
crude  N-[(1,1-dimethylethoxy)carbonyl]-L-alanyl-L-
proline, phenylmethyl ester.
N-[(1,1-Dimethylethoxy)carbonyl}-L-alanyl-L-pro-

line, phenylmethyl ester (275 g.) is chilled in an ice bath
and treated with 500 ml. of cold trifluoroacetic acid
(freshly distilled) under argon and stirred at room tem-
perature for one hour. The mixture is concentrated in
vacuo and azeotroped twice with toluene. The crude
trifluoroacetic acid salt, an o1l, 1s dissolved in 500 ml. of
ether and treated slowly with stirring with a solution of
p-toluenesulfonic acid hydrate (1 equivalent) dissolved
in 6 1. of ether. The resultant precipitate is collected by
filtration. The solid is dissolved in 1 1. of methanol and
treated with 4 1. of ether and chilled. The resultant
precipitate 1s collected and dried to give 300 g. of L-ala-
nyl-L-proline, phenylmethyl ester, p-toluenesulfonic
acid salt; m.p. 156°-158°,

(b)
1-IN-{2-(1,1-Dimethylethoxy)-2-oxoethyl]-N-[(phenyl-
methoxy)carbonyl]-L-alanyl]-L-proline, phenylmethyl
ester

A mixture of L-alanyl-L-proline, phenylmethyl ester,
p-toluenesulfonic acid salt (32.16 g., 72 mmole), tert-
butyl bromoacetate (14.2 g., 72 mmole), triethylamine
(20.1 ml., 144 mmole), and tetrahydrofuran (290 ml.) are
stirred at room temperature for 72 hours. Benzyl chlo-
roformate (12.4 ml.,, 87.8 mmole) and triethylamine
(12.5 ml., 87.8 mmole) are added and the mixture stirred
overnight. The reaction product 1s evaporated, and

5 partitioned between water and ethyl acetate. The ethyl

acetate solubles are washed with dilute hydrochloric
acid and then water. The ethyl acetate solution is then
evaporated and chromatographed over silica gel (mesh
230-400) using the solvent system ethyl acetate/hexane
(1:1) (10 psi pressure) to give 19.5 g. of 1-[N-[2-(1,1-
dimethylethylethoxy)-2-oxoethyl]-N-[(phenylmethox-

y)carbonyl]-L.-alanyl]-L-proline, phenyimethyl ester.

(c)
1-fN-(Carboxymethyl)-N-[(phenylmethoxy)carbonyl]-
- L-alanyl]-L-proline, phenylmethyl ester

I-[N-[2-(1,1-Dimethylethoxy)-2-oxoethyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl}-L-proline, phe-
nylmethyl ester (18 g., 34.3 mmole) is dissolved in triflu-
oroacetic acid (50 ml.) and let stand at room tempera-
ture for 1.5 hours. The mixture 1s evaporated and fil-
tered through a small column of silica gel (200 g.) using
the solvent mixture chloroform/methanol/acetic acid
(9.6:0.2:0.2) to give 11.4 g. of 1-[N-(carboxymethyl)-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline, phe-
nylmethyl ester.
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(d)
I-{N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl}-L-alanyl]-L-proline,

- phenylmethyl ester

1-[N-(carboxymethyl)-N-[(phenylmethoxy)car-
bonyl]-L-alanyl}-L-proline, phenylmethyl ester (7.0 g.,
15.0 mmole) is dissolved in dry tetrahydrofuran (50 ml.)
and cooled 1n an 1ce bath, oxalyl chloride (1.57 ml., 18§
mmole) 1s added followed by 4 drops of dimethylform-
amide. After 15 minutes, the reaction mixture is stirred
at room temperature for an additional period of one
hour. The mixture is evaporated, redissolved in tetrahy-
drofuran (30 ml.) and the solution is cooled in an ice
bath. The solution is added dropwise over a period of 5
minutes to an ice-cold solution of 2-phenyl-4-(phenyl-
methyl)-5(4H)-oxazolone (3.96 g., 15.75 mmole) in tet-
rahydrofuran (24 ml.). Triethylamine (2.5 ml., 17.1
mmole) i1s added and the reaction mixture is stirred at
room temperature overnight. The mixture is filtered to
remove triethylamine hydrochloride salt and the fil-
tered tetrahydrofuran solution is evaporated and redis-
solved in pyridine (16 ml.). 4-Dimethylamino pyridine
(50 mg.) is added and the solution is stirred at room
ternperature for 3 hours. Glacial acetic acid (16 ml.) is
added and the reaction mixture is heated at 100° for 45
minutes. The reaction mixture is then cooled, evapo-
rated under vacuum, dissolved in ethyl acetate and
extracted with aqueous sodium bicarbonate and dilute
hydrochloric acid. The ethyl acetate extract after evap-
oration 18 chromatographed over silica gel (230-400
mesh) using the solvent system ethyl acetate/benzene
(4:6) to obtain 4.9 g. of 1-[N-[3-(benzoylamino)-2-0x0-4-
phenylbutyl]-N-{(phenylmethoxy)carbonyl]-L-alanyl}-
L-proline, phenylmethyl ester.

Anal. calc’d. for C4oH41N307.0.42H,0: C, 70.31; N,
6.15; H, 6.17. Found: C, 70.31; N, 6.13;: H, 6.08.

- (e)
1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl}-L-proline, monohydrochloride

1-[N-[3-(Benzoylamino)-2-oxo0-4-phenylbutyl]-N-

[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,
phneylmethyl ester (1.0 g.) is dissolved in absolute etha-
nol (30 ml.) and 1IN hydrochloric acid (2.25 ml.). Pal-
ladium-carbon catalyst (10%, 200 mg.) is added and the
solution is stirred under an atmosphere of hydrogen
overnight. The catalyst is filtered off and the solution is
evaporated. The crude product (700 mg.) is combined
with 300 mg. of crude product from a previous small
scale reaction and passed through a column of LH-20 (1
inch X 15 inch) in methanol. The fractions containing
the desired product are pooled, evaporated, dissolved in
water and filtered. The clear aqueous solution is lyophi-
lized to give 800 mg. of 1-[N-[3-(benzoylamino)-2-0x0-
4-phenylbutyl]-L-alanyl]-L-proline, monohydrochio-
ride; [a]p*=—59.6 (c=1.4, methanol); m.p. 98°-130°
(dec.).

Tlc (sithca gel, 'n-butanol/acetic acid/water, 4:1:1)

Rr=0.44. |
Anal. calc’d. for CysH3oN305CL0.75H,0: C, 59.88;

H, 6.33; N, 8.38; Cl, 7.07. Found: C, 59.82; H, 6.30; N,

8.42: Cl, 6.85. |
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EXAMPLE 2

I-[N-[7-Amino-3-(benzoylamino)-2-oxoheptyl]-L-
alanyl}-L-proline, dihydrochloride

- (2)
N2-Benzoyl-N¢-[(phenylmethoxy)carbonyl]-L-lysine

To an ice-cold solution of NS-[(phenylmethoxy)car-
ponyl]-L-lysine (10.09 g., 36 mmole) in aqueous sodium
hydroxide (1N, 26 ml.) is added benzoyl chloride (5 ml.,
43.2 mmole) and aqueous sodium hydroxide (4N, 10.8
ml.) simultaneously in 5 portions over a period of 30
minutes. The ice bath is removed and stirring is contin-
ued for an additional 1.5 hours at room temperature.
The reaction mixture is then extracted with ethyl ace-
tate (discarded), the aqueous mother liquor is acidified
with dilute hydrochloric acid and extracted with ethyl
acetate. The ethyl acetate extract is concentrated and
the residue crystallized from ethyl acetatehexane to
give 12.9 g. of N2-benzoyl-Nb-[(phenylmethoxy)car-
bonyl]-L-lysine; m.p. 110°~112° (109°).

(b)
2-Phenyl-4-[4-[[(phenylmethoxy)carbonyl]amino]-
butyl]-5(4H)-oxazolone

N2-Benzoyl-Né-[(phenylmethoxy)carbonyl]-L-lysine
(11.53 g., 30 mmole) is dissolved in tetrahydrofuran (55
ml.) and stirred in an ice-bath. To this reaction mixture
a solution of dicyclohexylcarbodiimide (6.8 g., 33
mmole) in tetrahydrofuran is added dropwise over a
period of 15 minutes. The ice-bath is removed after an
hour and stirring is continued at room temperature for
an additional 18 hours. Dicyclohexylurea is filtered off
and the tetrahydrofuran is concentrated in vacuo. The
residue 1s crystallized from ethyl acetate-hexane to give
9.4 g. of 2-phenyl-4-[4-[[(phenylmethoxy)carbonyl-
Jamino]jbutyl]-5(4H)-oxazolone; m.p. 72°-73° (68°).

(c)
1-[N-[3-(Benzoylamino)-7-[[(phenylmethoxy)carbonyl-
Jamino]-2-oxoheptyl]-N-[(phenylmethoxy)carbonyl]-L-

alanyl]-L-proline, phenylmethyl ester

1-[N-(Carboxymethyl)-N-[(phenylmethoxy)car-
bonyl]-L-alanyl]-L-proline, phenylmethyl ester (2.82 g.,
6 mmole), from Example 1(c), is dissolved in tetrahy-
drofuran (20 ml.) and the solution is stirred in an ice-
bath. Oxalyl chloride (0.63 ml., 7.2 mmole) is added
followed by four drops of dimethylformamide. After
stirring this reaction mixture in an ice-bath for 20 min-
utes, 1t 1s then stirred at ambient temperature for an
additional hour. The solvents are removed in vacuo and
the residue is redissolved in tetrahydrofuran (10 ml.)
and cooled 1n an ice-bath. To this cold stirring solution
1s added a cold solution 2-phenyl-4-[4-[[(phenylmethox-
y)carbonyljamino]butyl}-5(4H)-oxazolone (2.2 g., 6
mmole) in tetrahydrofuran (14 ml.), followed by trieth-
ylamine (0.85 ml., 6 mmole). The ice-bath is removed
and the reaction mixture is stirred at ambient tempera-
ture overmight. The precipitated triethylamine-hydro-
chloride 1s removed by filtration and the mother liquor
1s concentrated in vacuo. It is then redissolved in pyri-
dine (6 ml.), 4-dimethylamino pyridine (30 mg.) is
added, and the solution 1s stirred at room temperature
for 3 hours. Acetic acid (6 ml.) is added and the reaction
mixture 1s heated at 105° for 45 minutes. It is then evap-

‘orated, taken up into ethyl acetate, and washed with

water, dilute hydrochloric acid, and aqueous sodium
bicarbonate. After evaporation of the solvent, the crude
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product (3.8 g.) is chromatographed (silica gel, 230 g.)
using ethyl acetate-hexane (4:3) followed by ethyl ace-
tate-hexane (2:1) for elution to give 1.8 g. of 1-[IN-[3-
(benzoylamino)-7-[[(phenylmethoxy)carbonyl]jamino}-

2-oxoheptyl]-N-[(phenylmethoxy)carbonyl]-L-alanyl]-
L-proline, phenylmethyl ester.

(d)
1-[N-[7-Amino-3-(benzoylamino)-2-oxoheptyl]-L-
alanyl}-L-proline, dihydrochloride

1-[N-[3-(Benzoylamino)-7-[[(phenylmethoxy)car-
bonyl]amino]-2-oxoheptyl]-N-[(phenylmethoxy)car-
bonyl}-L-alanyl}-L-proline, phenylmethyl ester (1.3 g.,
1.6 mmole) is dissolved in ethanol (75 ml.) and aqueous
hydrochloric acid (1N, 5 ml.). Palladium on carbon
catalyst (10%, 450 mg.) is added and the mixture is
hydrogenated at atmospheric pressure overnight. The
catalyst is filtered off and the solution is evaporated in
vacuo. The residue is dissolved in water and lyophi-
lized. The lyophilate is triturated with ether to give 0.6
g. of 1-[N-[7-amino-3-(benzoylamino)-2-oxoheptyl]-L-
alanyl]-L-proline, hydrochloride; m.p. 80°-1557
[a]p?2=—50° (c=1.1, methanol). Rr 0.09 (silica gel,
n-butanol/acetic acid/water, 4:1:1).

Anal. calc’d. for CyoH3aN4Os5.2HCL.1.5H70: C,
49.63; H, 7.00; N, 10.52; CI, 13.55. Found: C, 49.63; H,
6.82; N, 10.48; Cl, 13.36.

EXAMPLE 3

1-{N-[3-(Benzoylamino)-2-oxoheptyl]-L-alanyl]-L-pro-
line, monohydrochloride

(a) N-Benzoyl-D,L-norleucine

D,L-Norleucine (39.3 g., 300 mmole) is taken up into
sodium hydroxide (2N, 150 ml.) and while stirring in an
ice-bath sodium hydroxide (2N, 150 ml.) and benzoyl

chloride (330 mmole, 38.3 ml.) are added over a 30
minute period. The bath is removed and after 1.5 hours

the reaction mixture is extracted with ether. The aque-

ous portion is acidified with 2N hydrochloric acid and
~ the crystals filtered to give 68.9 g. of N-benzoyl-D,L-
- norleucine; m.p. 131°-133" (125°).

(b) 4-Butyl-2-phenyl-5(4H)-oxazolone

- N-Benzoyl-D,L-norleucine (40 g., 170 mmole) is
taken up into tetrahydrofuran (300 ml.) with stirring 1n
an 1ce-bath. To this reaction mixture a solution of dicy-
clohexylcarbodiimide (38.52 g., 187 mmole) in tetrahy-
drofuran (195 ml.) is added dropwise over a period of 15
minutes. The ice-bath is removed and stirring is contin-
ued at room temperature for an additional 18 hours.
Dicyclohexylurea is filtered off and the tetrahydrofuran
1s concentrated in vacuo. The residue (31.7 g.) is puri-

fled on silica in hexane:ether (2:1) to yield 32.1 g. of

4-butyl-2-phenyl-5(4H)-oxazolone.

(c)
1-{N-[3-(Benzoylamino)-2-oxoheptyl]-N-[(phenylme-
thoxy)carbonyl]-L-alanyl]-L-proline, phenylmethyl

ester

A solution of 1-[N-(carboxymethyl)-N-[(phenylme-
thoxy)carbonyl]-L-alanyl]-L-proline, phenylmethyl
ester (1.41 g., 3 mmole), from Example 1(c), in tetrahy-
droturan (10 ml.) 1s cooled in an ice-bath. While stirring,
oxalyl chloride (0.32 ml., 3.7 mmole) is added followed
by 4 drops of dimethylformamide. The reaction mixture
is stirred 1n the ice-bath for 20 minutes and then at room
temperature for one hour. It is evaporated in vacuo,
redissolved 1n tetrahydrofuran (5 ml.) and cooled in an
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ice-bath. A cold solution of 4-butyl-2-phenyl-3(4H)-

oxazolone (0.65 g., 3 mmole) in tetrahydrofuran (5 ml.)
is added dropwise followed by triethylamine (0.43 ml.,
3.1 mmole). The reaction mixture is stirred at ambient

temperature overnight. After filtering off triethylamine
hydrochloride, the tetrahydrofuran solution is concen-
trated in vacuo. The residue is redissolved in pyridine (3
ml.), 4-dimethylamino pyridine (15 mg.}) is added, and
the reaction mixture is stirred at room temperature for 3
hours. Acetic acid (3 ml.) is added and the reaction
mixture is heated at 100° for 40 minutes. It is then evap-
orated, redissolved in ethyl acetate and washed with
water, saturated sodium bicarbonate, dilute hydrochlo-
ric acid, and water. After evaporation, the residue is
chromatographed over silica gel using the solvent sys-
tem ethyl acetate:benzene (4:6) to give 0.8 g. of 1-[N-[3-
(benzoylamino)-2-oxoheptyl]-N-{(phenylmethoxy)car-
bonyl]-L-alanyl}-L-proline, phenylmethyl ester.

(d)
1-IN-[3-(Benzoylamino)-2-oxoheptyl]-L-alanyl]-L-pro-
line, monohydrochloride

1-[N-[3-(Benzoylamino)-2-oxoheptyl}-N-{(phenylme-
thoxy)carbonyl]-L-alanyl}-L-proline, phenylmethyl
ester (0.96 g., 1.5 mmole) 1s dissolved in ethanol (75 ml.).
Hydrochloric acid (IN,2 ml.) is added followed by
palladium on carbon catalyst (10%, 200 mg.). The solu-
tion is stirred under an atmosphere of hydrogen over-
night. The catalyst is filtered off, the ethanolic solution
1s evaporated, and the residue 1s dissolved in water and
lyophilized to give 0.62 g. of 1-[N-[3-(benzoylamino)-2-
oxoheptyl]-L-alanyl]-L-proline, monohydrochloride;
m.p. 86°-123°; [a]p??= —62.9° (c=1.05, methanol). Ry
0.57 (silica gel, n-butanol/acetic acid/water; 4:1:1).

Anal. calc’d. for CypH31N3Os5.HCL.2H,0O: C, 53.85;
H, 7.40: N, 8.57; Cl, 7.23. Found: C, 53.85; H, 7.20; N,
8.73; Cl, 7.29.

EXAMPLE 4

1-fN-[3-(Benzoylamino)-2-0x0-4-(3-pyridinyl)butyl]L-
alanyl]-L-proline, dihydrochloride

(a) 2-(Benzoylamino)-3-(3-pyridinyl)-2-propenoic acid

2-Phenyl-4-(3-pyridinylmethylene)-5(4H)oxazolone

(3 g., 12 mmole) [see Griffith et al., J. Org. Chem., Vol.
29, p. 2659] is dissolved 1n acetic acid (24 ml.) and aque-
ous hydrochloric acid (0.5N, 150 ml.). The reaction
mixture 1s stirred overnight at room temperature. It 1s
evaporated and reevaporated from absolute ethanol. It
is triturated with tetrahydrofuran, filtered, and the fil-
tered solid 1s retriturated with absolute ethanol to yield
2.8 g. of 2-(benzoylamino)-3-(3-pyridinyl)-2-propenoic
acid; m.p. 215°-216° (203°).

(b) 2-(Benzoylamino)-3-(3-pyridinyl)propanoic acid

2-(Benzoylamino)-3-(3-pyridinyl)-2-propenoic  acid
(14 g., 46 mmole) is dissolved in water (500 ml.) and
hydrogenated using palladium on carbon catalyst (10%,
1.8 g.) overnight. The catalyst is filtered off, and the
reaction mixture is evaporated to a small volume (100
ml.) and lyophilized to give 13.1 g. of product. The
lyophilate 1s triturated with absolute ethanol-ether mix-
ture and filtered to give 12 g. of 2-(benzoylamino)-3-(3-
pyridinyl)-propanoic acid; m.p. 99°-115°,
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(c)
I-[N-[3-(Benzoylamino)-2-0x0-4-(3-pyridinyl)butyl}-N-
[(phenylmethoxy)carbonyl]-L,—alanyl]—-L-proline,

- ‘phenylmethyl ester

1-[N-(Carboxymethyl)-N-[(phenylmethoxy)car-
bonyl]-L-alanyl]-L-proline, phenylmethyl ester (6.2 g.,
13.1 mmole), from Example 1(c), is dissolved in tetrahy-
‘drofuran (20 ml.) and the solution is stirred in an ice-
bath. Oxalyl chloride is added followed by four drops of
dimethylformamide. After stirring this reaction mixture
in an ice bath for 20 minutes, it is then stirred at ambient
temperature for an additional hour. The solvents are
removed in vacuo and this residue 1s redissolved in
‘tetrahydrofuran (20 ml.).

2-(Benzoylamino)-3-(3-pyridinyl)propanoic acid (4
g., 13 mmole) 1s suspended in tetrahydrofuran (45 ml.),
and while stirring in an ice-bath, triethylamine (1.96 ml.,
14 mmole) and dicyclohexylcarbodiimide (2.96 g., 14
mmole) are added. The reaction mixture is stirred at
room temperature overnight. It is then filtered, and the
filtrate evaporated to dryness. This residue is dissolved
in tetrahydrofuran (30 ml.) and stirred in an ice bath. To
this solution is added the above solution of 1-[N-(car-
boxymethyl)-N-[(phenylmethoxy)carbonyl]-L-alanyl]-

L-proline, phenylmethyl ester, acid chloride in tetrahy-

-drofuran (20 ml.). Triethylamine (1.9 ml., 13.6 mmole) is
‘added, and the reaction mixture is stirred at room tem-
perature overnight. It is filtered to remove triethylam-
ine hydrochloride. The filtrate is evaporated in vacuo,
redissolved in pyridine (15 ml.), 4-dimethylamino pyri-
dme (65 mg.) is added, and the reaction mixture is
stirred at room temperature for 3 hours. Acetic acid (16
ml.) 1s added and the reaction mixture is heated at 100°
for 45 minutes. It is then evaporated, redissolved in
ethyl acetate, and washed with aqueous sodium bicar-
bonate and water. After evaporation, the ethyl acetate
extract 1s chromatographed over silica gel using ethyl
‘acetate for elution to give 3.3 g. of 1-[N-[3-(ben-
-zoylamino)-2-0x0-4-(3-pyridinyl)butyl]-N-[(phenylme-
thoxy)carbonyl]-L-alanyl}-L-proline, phenylmethyl es-
ter.

(d)
I-[N-[3-(Benzoylamino)-2-0x0-4-(3-pyridinyl)butyl]-L-
alanyl}]-L-proline, dihydrochloride

The phenylmethyl ester product from part (c) (2.6 g.,
3.84 mmole) 1s dissolved in ethanol (75 ml.) and aqueous
hydrochloric acid (IN, 8 ml) is added followed by
palladium on carbon catalyst (10%, 0.6 g.). After hydro-
genation for 16 hours, an additional 0.5 g. of catalyst is
added and hydrogenatlon 1s continued for 6 more hours.
The mixture is filtered, evaporated and combined with
a similar reaction product obtained by hydrogenation of
0.8 g. of the ester product of part (c). The hydrogenated
material is then chromatographed over LH-20 in water
to obtain the homogeneous product. An aqueous solu-
tion of this material is treated with aqueous hydrochlo-
ric acid (IN, 3 ml.) and the solution is lyophilized to
give 1.0 g. of 1-[N-[3-(benzoylamino)-2-0x0-4-(3-
pyridinyl)butyl]L-alanyl}-L-proline, dihydrochloride;
m.p. 120°-135%; [a]p?*= —55.5° (c=1.1, methanol). R~
0.11 (silica gel; n-butanol/acetic acid/ water; 4:1:1).

Anal Calc’d. for Cp4HysN4O5.2HCL2H,0: C, 51.35:;
H, 3.75; N, 9.98; Cl, 12.63. Found: C, 51.35; H, 5.84: N,
9.96; Cl, 12.84.
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EXAMPLE 5

- 1-[N-[3-(Benzoylamino)-4-(4-hydroxyphenyl)-2-
oxobutyl]-L-alanyl]-L-proline, monohydrochloride

(a)
2-Phenyl-4-[[4-(phenylmethoxy)phenyl]methyll- 5(4H)
oxazolone

O-Benzyl-L-tyrosine (11.0 g., 40.5 mmole) is taken
into 0.5N sodium hydromde (81 ml.) and water (81 ml.)
with vigorous stlrrmg in an ice-bath. To this in five
equal portions is added a total of 52 ml. of benzoyl
chloride, 45 ml. of IN sodium hydroxide and an addi-
tional 400 ml. of water over a 25 minute period. The
bath 1s removed and the reaction is run for 2 hours at
room temperature. The mixture is extracted twice with
ethyl acetate. The aqueous portion is filtered, acidified
with 1N hydrochloric acid and the crystals filtered to
give 12.9 g. of N-benzoyl-O-benzyl-L-tyrosine; m. D.
166°-168° (162°).

This N-benzoyl-O-benzyl L-—tyrosme (12.76 g., 35
mmole) 1s taken into dry tetrahydrofuran (50 ml.) with
stirring in an ice-bath. To this dicyclohexylcarbodi-
imide (7.7 g., 37.4 mmole) in tetrahydrofuran (18 ml.) is
added dropwise. After 20 minutes, the ice-bath is re-
moved and the reaction proceeds overnight at room
temperature. The dicyclohexylurea is filtered off and
the filtrate is concentrated to dryness. The crude prod-
uct 1s crystallized from ether/hexane to give 10.26 g. of
2-pheny]-4-[[4—(phenylmethoxy)phenyl]methyl] -5(4H)-
oxazolone; m.p. 85° 87 (83°).

(b) -
1-[N-[3-(Benzoylamino)-2-0x0-4-[4-(phenylmethoxy)-
phenyl]butyl]—N-[(phenylmethoxy)carbonyl] L-alanyl}-

- L-proline, phenylmethyl ester

1-[N-(Carboxymethyl)-N-[(phenylmethoxy)car-
bonyl]-L-alanyl]-L-proline, phenylmethyl ester (2.82 g.,
6 mmole), from Example 1(c), is dissolved in tetrahy-
drofuran (20 ml.) and the solution is stirred in an ice-
bath. Oxalyl chloride (0.63 ml., 7.2 mmole) is added
followed by four drops of dimethylformamide. After
stirring this reaction mixture in an ice-bath for 20 min-
utes, it is then stirred at ambient temperature for an
additional hour. The solvents are removed in vacuo and
the residue is redissolved in tetrahydrofuran (10 ml.)
and cooled 1n an ice-bath. To this cold stirring solution
1s added a cold solution 2-phenyl-4-[[4-(phenylmethox-
y)phenyl]methyl]-5(4H)-oxazolone (2.14 g., 6 mmole) in
tetrahydrofuran (40 ml.). Triethylamine (0.84 ml., 6
mmole) 1s added and a basic atmosphere is maintained
throughout the reaction by adding additional necessary
amounts of triethylamine. The reaction mixture is
stirred at ambient temperature overnight. It is then
filtered and the filtrate is evaporated and redissolved in
pyridine (7 ml.). 4-Dimethylamino pyridine (30 mg.) is
added and the reaction mixture is stirred for 3 hours at
room temperature. Acetic acid (7 ml.) is added and the
reaction mixture is heated at 100° for 45 minutes. It is
then evaporated, the residue is redissolved in ethyl ace-
tate and washed with saturated sodium bicarbonate and
dilute hydrochloric acid. The neutral ethyl acetate ex-
tract is evaporated and chromatographed over silica gel
(300 g.) usmg the solvent system ethyl acetate:benzene
(6.5:3.5) to give 2.7 g. of 1-[N-[3-(benzoylamino)-2-oxo0-
4-[4-(phenylmethoxy)phenyl]butyl]-N-[(phenylmethox-
y)carbonyl]-L-alanyl}-L-proline, phenylmethyl ester.
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: (©) Ri O Col. I
1-[N-[3-(Benzoylamino)-4-(4-hydroxyphenyl)-2- ] T
oxobutyl]-L-alanyl]-L-proline, monohydrochloride HZN_%‘)“'C“X
5

The ester product from part (b) (1.8 g., 2.26 mmole) 1s R O Col 1
dissolved in ethanol (150 ml.) containing aqueous hy- | [

drochloric acid (1N, 3.5 ml.). Palladium on carbon cata- HO"E“CHz_N_&}){_C_x

lyst (10%, 500 mg.) is added and the solution is stirred | O

under an atmosphere of hydrogen overnight. It is evap- 10 ﬁ_O“CHZ
orated, dissolved in water, and lyophilized to give 1-[N- O
[3-(benzoylamino)-4-(4-hydroxyphenyl-2-oxobutyl]-L- _N_ Col. 1II
alanyl]-L-proline, monohydrochloride; m.p. 118°-152"; Rz“? (IZH—Rs-
[a]p*2¢= —63.1° (c=1.07, methanol). Rr0.47 (silica gel, |5 O C=0
n-butanol/acetic acid/water; 4:1:1). - | R 6 S

Anal. calc’d. for CysHy9N3:0Og. HCL.H»O: C, 57.42; H, T | : I -
6.16; N, 8.04: Cl, 6.78. Found: C, 57.42; H, 6.03; N, 8.04; Rs—fH—C—CHz*N"gI—C—X
Cl, 7.11. | NH

_ 20 | C—O0—CH;
EXAMPLES 6-62 70 l

Following the procedure of Examples 1-3 and 5, the R2
peptide ester shown in Col. 1 1s treated to give the car- | O Ri O Col. V
bo:_{yme_thyl pegtide ester shown in (?01. IF. Conversion 25 R3y—CH— P:_ CHy— NH— (l:H___ p:-—-x
to its acid chloride and further reaction with the oxazo- I!JH (L)
lone of Col. 111 yields the N-protected ester product of |

C=0

Col. IV. Removal of the N-protecting group and the l
- ester group yields the final product of Col. V wherein R
R 1s hydrogen.
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The R protecting groups in Examples 20, 36 to 39
and 41, the R3 protecting groups in Examples 43 and 44,
and the Rs protecting groups in Examples 49, 50, and 52
to 55 are removed as the last step in the synthesis. The
R¢ ester groups shown in Examples 57 to 62 are not
removed.

EXAMPLE 63

1-IN-[{(S)-3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl}-L-proline, monohydrochloride

(a) (S)-3-Amino-1-chloro-4-phenyl-2-butanone,
hydrogen bromide |

(S)-[3-Chloro-2-0x0-1-(phenylmethyl)propyl]car-
bamic acid, phenylmethyl ester (51.4 g.) is dissolved
a mixture of acetic acid (252 ml.) and hydrogen bromide
in acetic acid (3.45N, 348 ml.) and kept at room temper-
ature for 1.5 hours. The reaction mixture 1s then concen-
trated in vacuo and precipitated with ether to obtain
36.6 g. of (S)-3-amino-1-chloro-4-phenyl-2-butanone,

hydrogen bromide; m.p. (175%) 177°-179°,
(b)
(S)-N-[3-Chloro-2-0x0-1-(phenylmethyl)propyl]benza-
mide

(S)-3-Amino-1-chloro-4-phenyl-2-butanone, hydro-
gen bromide (36.3 g., 130.3 mmole) is suspended 1n 520
ml. of dry tetrahydrofuran and 18.2 ml. of triethylamine
(130.3 mmole) with stirring for ten minutes. The mix-
_ ture is placed in an ice bath and 15.2 ml. of benzoyl
- chloride is added followed by 10.95 g. of sodium bicar-
bonate. After 5 minutes the ice bath is removed and the
- reaction mixture is kept at room temperature for 1.3
hours. The reaction mixture 1s then concentrated in
vacuo and the residue taken up in 1 1. of aqueous metha-
nol (10% water). The precipitate 1s collected, filtered
- and washed with methanol to obtain 25.3 g. of (§)-N-[3-
chloro-2-oxo-1-(phenylmethyl)propyl]lbenzamide; m.p.
(160°) 170°-172° (dec.); [a]lp**=—129 (c 1.7, dimethyl-
formamide).

(c)
1-[N-[(S)-3-(Benzoylamino)-2-0xo0-4-phenylbutyl]-L-
alanyl]-L-proline, 1,1-dimethylethyl ester

L-Alanyl-L-proline, 1,1-dimethylethyl ester (2.42 g.,
10 mmole), sodium bicarbonate (840 mg.) and (S)-N-|3-
chloro-2-oxo-1-(phenylmethylpropyl]benzamide (3.01
g.) are combined in 50 ml. of dimethylformamide under
an argon atmosphere at room temperature with stirring
overnight. The reaction mixture is then concentrated in
vacuo to about half its original volume and the residue
is taken up in ethyl acetate and washed with saturated
sodium bicarbonate to give 2.25 g. of crude product.
This material is taken up in ethyl acetate:methanol
(95:5) and applied to a silica gel column (135 g.) and
eluted with ethyl acetate: methanol (95:5) to give 860
mg. of 1-[N-[(S)-3-(benzoylamino)-2-0x0-4-phenyl-
butyl]-L-alanyl]-L-proline, 1,1-dimethylethyl ester.

| (d)
1-[N-[(S)-3-(Benzoylamino)-2-0x0-4-phenylbutylj-L.-
alanyl]-L-proline, monohydrochloride

1-{N-[(S)-3-(Benzoylamino)-2-0xo0-4-phenylbutyl]-L.-
alanyl]-L-proline, 1,1-dimethylethyl ester (740 mg., 1.46
mmole) 1s dissolved in a solution of hydrogen chloride
in acetic acid (1.5N, 10 ml.) and kept at room tempera-
ture for 30 minutes. It is then concentrated, taken into
water, filtered and lyophilized to obtain 600 mg. of

1-[N-(S)-3-(benzoylamino)-2-0x0-4-phenylbutyl]-L-
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alanyl]-L-proline, monohydrochloride; m.p. 83°-163";
[a]p?’=—109° (c=1.04, methanol). Rr0.6 (silica gel;
butanol/acetic acid/water, 4:1:1). |
Anal. calc’d. for CysH79N30s5.HCIL.1.65H,O: C,
57.99: H, 6.48; N, 8.12; CI, 6.85. Found: C, 57.99; H,
6.39: N, 8.09; Cl, 6.95.

EXAMPLE 64

(S)-1-[N2-[3-(Benzoylamino)-2-0xo-4-phenylbutyl]-L-
lysyl]-L-proline, dihydrochloride

(a)
1-[N6-[(1,1-Dimethylethoxy)carbonyl]-N2-{(phenylme-
thoxy)carbonyl]-L-lysyl]-L-proline, 1,1-dimethylethyl

ester

N6-[(1,1-Dimethylethoxy)carbonyl}-N2-[(phenylme-
thoxy)carbonyl]-L-lysine (9.51 g.) and hydrox-
ybenzotriazole (3.825 g.) are taken into 25 ml. of
dimethylformamide with stirring in an 1ce-bath
under an argon atmosphere. To this is added L-pro-
line, 1,1-dimethylethyl ester (4.49 g.) followed by
N,N'-diisopropylethylamine (2.2 ml.) and dicyclo-
hexylcarbodiimide (5.15 g.). After 15 minutes the
bath is removed and the reaction is allowed to
proceed for 6.5 hour at room temperature. The
dimethylformamide is removed in vacuo. The resi-
due is taken into ethyl acetate and the dicyclohex-
ylurea is filtered off. The filtrate 1s washed neutral
with 10% potassium bisulfate and saturated sodium
bicarbonate. The crude product (13.26 g.) 1s puri-
fied on silica gel column eluting with ethyl aceta-
te:hexane (2:1) to give 13.0 g. of 1-[N®-[(1,1-dime-
thylethoxy)carbonyl]-N2-[(phenylmethoxy)car-
bonyl]-L-lysyl]-L-proline, 1,1-dimethylethyl ester.

(b)
(S)-1-[N2-[3-(Benzoylamino)-2-ox0-4-phenylbutyl]-No-
[(1,1-dimethylethoxy)carbonyl]-L-lysyl]-L-proline,
1,1-dimethylethyl ester

The ester product from part (a) i1s reduced in ethanol
with palladium on carbon catalyst (10%) to yield 3.99 g.
of 1-[Nb®-[1,1-dimethylethoxy)carbonyl]-L-lysyl]L-pro-
line, 1,1-dimethylethyl ester. This material 1s taken into
40 ml. of dimethylformamide and treated with (§)-N-[3-
chloro-2-oxo-1-(phenylmethyDpropyllbenzamide (3.01
g.), from Example 63(b), and sodium bicarbonate (840
mg.). After stirring for 18 hours at room temperature,
the reaction mixture is concentrated in vacuo, taken
into ethyl acetate and washed with saturated sodium
bicarbonate. The crude product (7.0 g.) is purified on a
silica gel column eluting with ethyl acetate:1% metha-
nol to give 1.7 g. of (8)-1-[N2-[3-benzoylamino)-2-0xo0-
4-phenylbutyl}-No-[(1,1-dimethylethoxy)carbonyl]-L-
lysyl}-L-proline, 1,1-dimethylethyl ester.

(c)
(S)-1-[N2-[3-(Benzoylamino)-2-0xo-4-phenylbutyl]-L-
lysyl]-L-proline, dihydrochloride

The ester product from part (b) (1.6 g.) is treated for
30 minutes at room temperature with 20 ml. of 1.5N
hydrochloric acid:acetic acid, concentrated to dryness,
and triturated to a solid with ether to give 1.37 g. of
crude product. This material 1s taken into water, mil-
lipore filtered, and lyophilized to give 1.28 g. of prod-
uct. Further purification is performed on an LH20 col-
umn in water to give 740 mg. of (S)-1-[N2-[3-(ben-
zoylamino)-2-oxo-4-phenylbutyl]-L-lysyl)-L-proline,
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dihydrochloride; m.p. 120°-180° [a]p?5= —84.8°
(c=1.05, methanol). Ry 0.61 (trace at 0.9) (silica gel,
chloroform/methanol/acetic acid, €0, 40, 38% 20).
Anal. calc’d. for CsH36N40Os.2HCIL.3H,0: C, 52.98;
H, 6.98; N, 8.83; Cl, 11.17. Found: C, 52.98; H, 6.93; N,
8.66; CI, 11.31.

EXAMPLE 65

N-[N-{[(S)-3-(Benzoylamino)-2-oxo0-4-phenylbutyl]-L-
alanyl]-N-cyclohexylglycine, monohydrochloride

(a) NQ-Cyclohexylglycine, 1,1-dimethylethyl ester

Cyclohexylamine (70.35 ml.) and sodium bicarbonate
(12.9 g.) are suspended with stirring in 200 ml. of abso-
lute ethanol while stirring in an ice-bath. To this is
added bromoacetic acid, 1,1-dimethylethyl ester (20.78
ml.) dropwise. The ice-bath is removed. After 24 hours
at room temperature, the reaction mixture is concen-
trated to dryness, taken into chloroform and washed
- with water. The crude product (42 g.) is chromato-
graphed on silica gel eluting with ethyl acetate:hexane
(2:1) to give 27.4 g. of N-cyclohexylglycine, 1,1-dime-
thylethyl ester.

(b)
N-Cyclohexyl-N-[N-[(phenylmethoxy)carbonyl}-L-
alanyljglycine, 1,1-dimethylethyl ester

N-{(Phenylmethoxy)carbonyl]-L-alanine (4.46 g.),
N-cyclohexylglycine, 1,1-dimethylethyl] ester (4.26 g.),
hydroxybenzotriazole (3.06 g.), dicyclohexylcarbodi-
‘imide (4.12 g.), and triethylamine (2.8 ml.)} are stirred in
40 ml. of dimethylformamide at room temperature for
20 hours. The reaction mixture is then concentrated in
vacuo, taken into ethyl acetate, the dicyclohexylurea is
filtered off, and the filtrate is washed neutral with 10%
potassium bisulfate and saturated sodium bicarbonate to
give 5.9 g. of crude product. Crystallization from ether:-
hexane yields 3.97 g. of N-cyclohexyl-N-[N-[(phenyl-
methoxy)carbonyl]-L-alanyllglycine, 1,1-dimethylethyl
ester; m.p. 104°-105°,

(c) N-(L-Alanyl)-N-cyclohexylglycine,
1,1-dimethylethyl ester

The ester product from part (b) (3.9 g.) is taken into
methanol with palladium on carbon catalyst (10%, 700
mg.) and stirred under hydrogen atmosphere for 4
hours. The reaction mixture is filtered and concentrated
to dryness to give 2.65 g. of crude N-(L-alanyl)-N-
cyclohexylglycine, 1,1-dimethylethyl ester.

(d)
N-[N-[[(S)-3-(Benzoylamino)-2-oxo-4-phenylbutylj-I-
alanyl]-N-cyclohexylglycine, 1,1-dimethylethyl ester

The crude ester product from part (c) (2.6 g.), sodium
bicarbonate (764 mg.), and (S)-N-[3-chloro-2-0xo0-1-
(phenylmethyl)propyllbenzamide (2.75 g.), from Exam-
ple 63(b), are stirred for 20 hours in 25 ml. of dimethyl-
formamide. The reaction mixture is concentrated to
dryness, taken into ethyl acetate, and washed with satu-
rated sodium carbonate to give 4.7 g. of crude product.
Purification on a silica gel column eluting with ethyl
acetate:methanol (99:1) yields 1.5 g. of N-[N-[[(S)-3-
(benzoylamino)-2-oxo0-4-phenylbutyl]-L-alanyl}-N-
cyclohexylglycine, 1,1-dimethylethyl ester.

10

15

20

25

30

35

43

50

35

60

65

S8

(e)
N—[N—[[(S)-3-(Benz.oy]amino)-z-oxo-4~phenylbuty1]—L-
alanyl}-N-cyclohexylglycine, monohydrochloride.

The ester product from part (d) (500 mg.) is treated
for 30 minutes with 5 ml. of 1.5N hydrochloric acid:a-
cetic acid and then concentrated to dryness at room
temperature. The crude product is taken into methanol
and purified on an LH20 column to yield 413 mg. of
product. This is made semi-crystalline in acetonitrile:e-
ther to give N-[N-[[(S)-3-(benzoylamino)-2-0x0-4-
phenylbutyl]-L-alanyl}-N-cyclohexylglycine, monohy-
drochloride; m.p. 154°-157° (132°); [a]p?3=-67.4°
(c=1.35, methanol). Ry 0.60 (minor impurity at 0.92)
(silica gel, chloroform:methanol:conc. ammonia,
30:10:2).

Amal. calc’d. for Cy3H3sN305.HCLH>0 C, 61.35: H,
6.99; N, 7.67; Cl, 6.47. Found: C, 61.08; H, 6.79; N, 7.65;
Cl, 6.46. |

EXAMPLE 66

N-[N-[[(S)-B-(Benzoy]amino)-Z-o.xo-4-—phenylbutyl]-L-
alanyl]-N-phenylglycine, monohydrochloride

(a) N-Phenylglycine, 1,1-dimethylethyl ester

A solution of triethylamine (11.25 g., 0.11 mole) and
aniiine (9.3 g., 0.10 mole) in ether (100 ml.) under an
argon atmosphere is cooled to 0° in an ice-bath. To this
1s added bromoacetic acid, 1,1-dimethylethy! ester (18
g-, 0.093 mole) over a period of 30 minutes. The result-
Ing mixture is stirred at 0° for one hour, then warmed to
room temperature, and stirred overnight. The solution
1s filtered and rinsed with ether and the filtrate concen-
trated to yield 6.9 g. of a yellow oil. R£0.6, 0.7 (silica
gel, ethyl acetate). Chromatography on LPS-1 using
hexane:ethyl acetate (7:3) as eluant gives 2.3 g. of N-
phenylglycine, 1,1-dimethylethyl ester as a pale yellow
hiquid. Rr0.7 (silica gel, ethyl acetate).

(b)
N-Phenyl-N-[N-[(phenylmethoxy)carbonyl]-L-
alanyl]glycine, 1,1-dimethylethyl ester

A solution of N-[(phenylmethoxy)carbonyl]-L-ala-
nine (2.8, 12.7 mmole) in dry tetrahydrofuran (50 ml.)
under argon 1s cooled in a dry ice-ethanol bath. To this
1s added N-methylmorpholine (1.28 g., 12.7 mmole) and
isobutylchloroformate (1.73 g., 12.7 mmole). After 20
minutes N-phenylglycine, 1,1-dimethylethyl ester (3.7
g., 12.7 mmole) is added. The resulting mixture is stirred
at —20” for one hour, then at room temperature over-
night. The mixture is partitioned between ethyl acetate
and 1IN hydrochloric acid. The organic layer is washed
successively with IN hydrochloric acid and 10% so-
dium bicarbonate, dried (MgSQy4), and concentrated.
Chromatography on LPS-1 eluting with a gradient of
ethyl acetate:hexane (3:1—1:1) gives 4.0 g. of N-phenyl-
N-[N-[(phenylmethoxy)carbonyl]-L-alanyl]glycine,
1,1-dimethylethyl ester as a clear oil. Rr0.4 (silica gel,
ethyl acetate).

(c) N-(L-Alanyl)-N-phenylglycine, 1,1-dimethylethyl
ester

A solution of the ester product from part (b) (4.0 g.,
9.7 mmole) in ethanol (125 ml.) and 10% palladium on
carbon catalyst is stirred under a flow of hydrogen for
18 hours. The solution is filtered, concentrated, dis-
solved in ethyl acetate and extracted with 1N hydro-
chloric acid. The aqueous layer is treated with sodium



4,535,176

59

bicarbonate until basic and extracted with ethyl acetate.
The combined ethyl acetate extracts are dried (MgSOgy)
and concentrated to give 1.3 g. of N-(L-alanyl)-N-
phenylglycine, 1,1-dimethylethyl ester as a white solid.

Rr0.52, minor spot at 0.64 (silica gel, ethyl acetate:me-
thanol; 1:1).

(d)
N-[N-[[(S)-3-(Benzoylamino)-2-0xo0-4-phenylbutyl]-L-
alanyl]-N-phenylglycine, 1,1-dimethylethyl ester

To a stirring solution of (S)-N-[3-chloro-2-oxo-1-
(phenylmethyl)propyllbenzamide (1.4 g., 4.7 mmole),
from Example 63(b), and N-(L-alanyl)-N-phenylgly-
cine, 1,1-dimethylethyl ester (1.3 g., 4.7 mmole) in dry
dimethylformamide is added sodium bicarbonate (0.38
g., 4.7 mmole) and sodium iodide (0.7 g., 4.7 mmole).
After stirring overnight at room temperature, the mix-
ture is concentrated, dissolved in ethyl acetate and fil-
tered. The filtrate is washed with 10% sodium bicar-
bonate, dried (MgSQ4), and concentrated to a yellow
oil. Chromatography on LPS-1 eluting with a gradient
of ethyl acetate:hexane (1:1) to ethyl acetate gives 1.8 g.
of N-[N-[[(S)-3-(benzoylamino)-2-0x0-4-phenylbutyl]-

L-alanyl]-N-phenylglycine, 1,1-dimethylethyl ester. Ry

0.34 (silica gel, ethyl acetate).

(e)
N-[N-[[(S)-3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl]-N-phenylglycine, monohydrochloride

A solution of the ester product from part (d) (1.6 g.,
2.9 mmole) in hydrochloric acid/acetic acid (1.77N,
17.0 ml.) 1s stirred at room temperature for 30 minutes.
The scolution is concentrated and the residue is tritu-
rated with ether to give a pale yellow solid. Recrystalli-
zation from methanol/ether gives 0.84 g. of N-[N-[[(S)-
3-(benzoylamino)-2-0xo0-4-phenylbutyl]-L-alanyl]-N-
phenylglycine, monohydrochloride as a white, crystal-
line solid, m.p. 147°-159° (dec.). Rr0.8 (silica gel, buta-
nol:acetic acid:water; 1:1:1). [alp=—12.7° (c=1.5,
methanol).

Anal. calc’d. for Cr3H29N30s5.HCI.0.65H,0O: C,
62.77; H, 5.89; N, 7.84; Cl, 6.62. Found: C, 62.77; H,

3.70; N, 7.84; Cl, 6.12.

EXAMPLE 67

(S)-1-[N-[[3-(Benzoylamino)-2-o0xo-4-phenylbutyl]-IN-
methyl-L-alanyl]-L-proline, monohydrochloride

(a) N-[(Phenylmethoxy)carbonyl]-L-alanine

L-Alanine (89.1 g., 1 mole) is dissolved in 2N sodium
hydroxide (500 ml.) and chilled to 0°. To this 1s added
simultaneously dropwise over a one hour period ben-
zylchloroformate (204.5 g., 1.2 mole) and 4N sodium
hydroxide (250 ml.). The reaction mixture i1s stirred
overnight (0° to room temperature), and washed with
ethyl acetate (2 X 500 ml.). The aqueous portion is acidi-
fied to pH 2.0 with 6N hydrochloric acid and extracted
with ethyl acetate (3X600 ml.). The combined ethyl
acetate extracts are dried (INa;SOy4), concentrated on a
rotary evaporator, and the solid residue is triturated
with petroleum ether to give 194.0 g. of N-[(phenylme-
thoxy)carbonyl]-L-alanine as a white solid.

(b) N-Methyl-N-[(phenylmethoxy)carbony!]-L-alanine

To a cold (0%) solution of N-[(phenylmethoxy)car-
bonyl]-L-alanine (22.3 g., 0.1 mole) and methyl iodide
(50 ml., 0.8 mole) in tetrahydrofuran (250 ml.) is added
sodium hydride dispersion (14.25 g., 0.3 mole) cau-
tiously with gentle stirring. The suspension is stirred
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overnight under a nitrogen atmosphere (0°—room tem-
perature), slowly poured into saturated sodium bicar-
bonate (200 ml.), diluted with ethyl acetate (300 ml.)
and the layers separated. The organic layer 1s extracted

once more with saturated sodium bicarbonate. The
combined aqueous layers are acidified to pH 2.0 with

10% potassium bisulfate and extracted with ethyl ace-
tate. The combined ethyl acetate extracts are dried
(Na,SQ4) and concentrated in vacuo into a dark oily
residue (23.0 g.).

This crude acid is treated with dicyclohexylamine (20
ml.) in ether (150 ml.). The resulting crude dicyclohex-
ylamine salt is collected (37.0 g.), recrystallized from
chloroform/ether (35.0 g.), and converted back to the
acid by partitioning between IN hydrochloric acid-
/ethyl acetate, yielding a pale yellow oil, which crystal-
lizes on standing (17.4 g.).

Recrystallization (11.2 g.) from ethyl acetate/pe-
troleum ether gives 4.0 g. of N-methyl-N-[(phenylme-
thoxy)carbonyl]-L-alanine as a white crystalline prod-
uct; m.p. 65°-66.5°% [a]p?’ = —31.1° (c=2, acetic acid).

(c)
1-[N-Methyl-N-[(phenylmethoxy)carbonyl]-1.-alanyl]-
L-proline, 1,1-dimethylethyl ester

To a solution of N-methyl-N-[(phenylmethoxy)car-
bonyl]-L-alanine (4.74 g., 20 mmole) in distilled tetrahy-
drofuran (50 ml.) 1s added L-proline, 1,1-dimethylethyl
ester (3.42 g., 20 mmole), hydroxybenzotriazole hydrate
(3.06 g., 20 mmole) and dicyclohexylcarbodiimide (4.12
g., 20 mmole). The reaction mixture is stirred overnight,
the precipitated dicyclohexylurea is filtered off, and the
filtrate 1s concentrated. The residue 1s dissolved in ethyl
acetate (50 ml.) and washed with saturated sodium bi-
carbonate (twice), 10% potassium bisulfate (twice), and
water (twice), dried (Na;SQg4), and concentrated to give
6.4 g. of 1-[N-methyl-N-[(phenylmethoxy)carbonyl]-L-
alanyl]-L-proline, 1,1-dimethylethyl ester as an oily
residue. |

(d) 1-(N-Methyl-L-alanyl)-L-proline, 1,1-dimethylethyl
 ester

A mixture of the ester product from part (c) (6.4 g.,
16.4 mmole) and 0.8 g. of 10% palladium on carbon
catalyst in ethanol (95%, 150 ml.) is hydrogenated at
atmospheric pressure overnight. The catalyst i1s re-
moved by filtration and the filtrate is evaporated. The
resulting oily residue solidifies upon drying in high
vacuum into an oily solid residue (3.8 g.). Trituration
with ether affords 1.5 g., of 1-(N-methyl-L-alanyl)-L-
proline, 1,1-dimethylethyl ester, monohydrochloride as
a white solid; Ry 0.44 (silica gel, 20% methanol/-
chloroform). [a]p?’ = —102.1° (c=2, acetic acid).

The ether filtrate affords 2.3 g. of 1-(N-methyl-L-
alanyl)-L-proline, 1,1-dimethylethyl ester as an oil; Rf
0.44 (silica gel, 20%  methanol/chloroform).
[a]p??= —101.6° (c=2, acetic acid).

(e)
(S)-1-[N-[[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-IN-
methyl-L-alanyl]-L-proline, 1,1-dimethylethyl ester

A reaction mixture of 1-(N-methyl-L-alanyl)-L-pro-
line, 1,1-dimethylethyl ester (2.1 g., 8.19 mmole), (S)-N-
3-chloro-2-oxo-1-(phenylmethyl)propyljbenzamide
(2.46 g., 8.19 mmole), from Example 63(b), excess so-
dium bicarbonate, and sodium 1odide (1.22 g., 8.10
mmole) In dimethylformamide (15 ml.) i1s stirred at
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room temperature overnight under a nitrogen atmo-
sphere. The reaction mixture is concentrated, the resi-
due 18 partitioned between water/ethyl acetate, the
layers are separated, and the aqueous layer is extracted
once more with ethyl acetate. The combined organic
extracts are washed with saturated sodium bicarbonate
and water, dried (NaxSOy), and concentrated into an
oily residue (3.5 g.). Flash chromatography (200 g. silica
gel, 1% methanol/ethyl acetate) affords 2.8 g. of (S)-1-
[N-[[3-(benzoylamino)-2-0x0-4-phenylbutyl]-N-methyl-
L-alanyl}-L-proline, 1,1-dimethylethyl ester as a yellow
oil.

_ Y, '
(S)-1-[N-[{3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
methyl-L-alanyl]-L-proline, monohydrochloride

The ester product form part (e) (1.4 g., 2.7 mmole) is
treated with 2N hydrochloric acid/acetic acid (20 ml.).
After stirring for 2 hours at room temperature, the reac-
tion mixture is concentrated under reduced pressure
and the resulting oily residue is triturated with ether
(four times) to give 1.05 g. of (S)-1-[N-[[3-(ben-
zoylamino)-2-0x0-4-phenylbutyl}-N-methyl-L-alanyl]-
L-proline, monohydrochloride as an off-white solid:
m.p. 125°-135°% Ry 0.24 (silica gel, n-butanol/acetic
acid/water; 4:1:1). [a]p*>= —87° (c=1, methanol).

Amal. calc’d. for Co6H31N305.HCIL.0.7 H,0: C, 60.68;
H, 6.41; N, 8.16; Cl, 6.88. Found: C, 60.68; H, 6.36; N,
1.95; Cl, 6.48.

EXAMPLE 68

(S)- 1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-4-
phenylglycyl}-L-proline, hydrochloride (20:3)

(a) 1-(Bromoacetyl)-L-proline, 1,1-dimethylethyl ester

‘To a chilled (—10°) solution of L-proline, 1,1-dime-
thylethyl ester (34.2 g., 0.2 mole) in methylene chloride
(250 ml.) 1s added diisopropylethylamine (38.3 ml., 0.22
mole) and bromoacetyl chloride (16.5 ml., 0.2 mole)
dropwise over a 20 minute period while keeping the
temperature between —10° to —5°. The dark reaction
mixture is stirred overnight (—10° to room tempera-
ture) and concentrated under reduced pressure. The
olly residue is redissolved in ethyl acetate, washed with
saturated sodium bicarbonate (twice), 10% potassium
bisulfate (twice), and water (twice), dried (Na;SOu),
and concentrated into a dark oily residue (28.0 g.). Flash
chromatography (ILPS-1 silica gel, 10% ethyl acetate/-
methylene chloride) affords 11.0 g. of 1-(bromoacetyl)-
L-proline, 1,1-dimethylethyl ester as a pale yellow oil.

(b) 1-(N-Phenylglycyl)-L-proline, I, IQdimethylethyl
| ester -

To a solution of 1-(bromoacetyl)-L-proline, 1,1-dime-
thylethyl ester (2.1 g., 7.5 mmole) in distilled tetrahy-
drofuran (40 ml.) is added aniline (1.5 g., 15 mmole) and
the reaction mixture is stirred overnight under nitrogen.
The reaction mixture is diluted with ethyl acetate (200
ml.), washed with saturated sodium bicarbonate (2 X 50
ml.) and water (twice), dried (Na;SQy4), and concen-
trated in vacuo into a dark oily residue (4.0 g.). Flash
chromatography (LPS-1 silica gel, 10% ethyl acetate/-
methylene chloride) affords 2.2 g. of 1-(N-phenyl-
- glycyl)-L-proline, 1,1-dimethylethyl ester as a dark oil
which solidifies upon drying in high vacuum.
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(c) -
(S)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N

phenylglycyl]-L-proline, 1,1-dimethylethyl ester

A. reaction mixture of 1-(N-phenylglycyl)-L-proline,
l,1-dimethylethyl ester (1.06 g., 3.5 mmole), (5)-N-[3-
chloro-2-oxo-1-(phenylmethyl)propyl]benzamide (1.06
g., 3.5 mmole), from Example 63(b), excess sodium
bicarbonate, and sodium iodide (0.52 g., 3.5 mmole) in
dimethylformamide (10 ml.) is stirred at room tempera-
ture under a nitrogen atmosphere overnight. The reac-
tion mixture is poured into water (50 ml.) and extracted
with ethyl acetate (3X50 ml.). The combined ethyl
acetate extracts are washed with saturated sodium bi-
carbonate (twice) and water (three times), dried (Nas.
504), and concentrated under reduced pressure to give
a dark oily residue (2.0 g.). Flash chromatography
(LPS-1 silica gel, 5% ethyl acetate/methylene chloride
to 15% ethyl acetate/methylene chloride) affords 0.3 g.,
of (S)-1-[N-[3-(benzoylamino)-2-0x0-4-phenylbutyl]-N-
phenylglycyl}-L-proline, 1,1-dimethylethyl ester as a
pale yellow foam.

(@
(5)-1-[N-{3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
phenylglycyl]-L-proline, hydrochloride (20:3)

The ester product from part (c) (0.28 g., 0.49 mmole)
1s treated with 2N hydrochloric acid/acetic acid. After
stirring for one hour at room temperature, the reaction
mixture is concentrated under reduced pressure and the
resulting oily residue is triturated with ether (4 x) to
give 0.14 g. of (S)-1-[N-[3-(benzoylamino)-2-0x0-4-
phenylbutyl]-N-phenylglycyl}-L-proline, hydrochlo-
ride (20:3) as an off-white solid; m.p. 110°-140°; R£0.76
(minor spot at 0.53) (silica gel, n-butanol/acetic acid/-
water; 3:1:1).

Anal. calc’d. for Cs3gH31N305.0.15HCIL.0.5H,0: C,
68.22; H, 6.13; N, 7.95; Cl, 1.00. Found: C, 68.22; H,

1 6.00; N, 8.25; Cl, 0.99.

EXAMPLES 69-90

Following the procedure of Examples 63 to 68 but
employing the ketone shown in Col. I, the acid chloride
shown 1n Col. I, and the peptide ester shown in Col.
III, one obtains the ester product shown in Col. IV.
Removal of the Rg ester group and any other protecting
groups give the corresponding final product in acid
form.

R3 Col. I
HZN—-('ZH--C-—CHZCI
o
O - Col. 11
Ri—C—Cl
R R; O Col. 111
HII\I—-(IZH—("Z—-X
(L)
o) R R; O Col. IV
Rg'“CH—g—*CHg—-TI\I”(I:H“g—X
I[JH (L)
E=0
R
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The R protecting groups in Examples 74, 76 and 77,

‘the R3 protecting groups in Examples 78 and 80, and the
Rs protecting groups in Examples 81 and 83 to 85 are
removed as the last step in the synthesis. The Rg ester
groups shown in Examples 87 to 90 are not removed.

EXAMPLE 91

(£)-1-[N-{3-(Benzoylamino)-2-0x0-4-phenylbuty]]-N-
methylglycyl}-L-proline, monohydrochloride
- (@)
[3-(Benzoylamino)-2-0x0-4-phenylbutyl]methylcar-
bamic acid, phenylmethyl ester

N-methyl-N-[(phenylmethoxy)carbonyl]glycine

(2.23 g., 10 mmole) is dissolved in 30 ml. of tetrahydro-

furan and cooled in an ice-bath. Oxalyl chloride (1 ml.,
11.5 mmole) 1s added followed by 2 drops of dimethyl-
formamide. After stirring for 30 minutes in the ice-bath,
the mixture is then stirred at room temperature for an
hour. To this 0.25 ml. of oxalyl chloride is added. The
mixture is evaporated, redissolved in 15 ml. of tetrahy-
drofuran, and stirred in an ice bath. A solution of 2-phe-
nyl-4-(phenylmethyl)-5(4H)-oxazolone (3.1 g., 12.4
mmole) dissolved in 15 ml. of tetrahydrofuran is added
to the above solution stirring in the ice-bath. Triethyl-
~amine (1.4 ml., 10 mmole) is added and the solution is
stirred at room temperature overnight. The precipitated
triethylamine hydrochloride salt is filtered off. Tetrahy-
drofuran is removed from the residue and it is then
redissolved in pyridine (5 ml.) and p-dimethylamino
pyridine (20 mg.) is added. After stirring at room tem-
perature for 3 hours, acetic acid (5 ml.) is added and the
reaction mixture is kept at 105° for 30 minutes. The
reaction mixture is then evaporated, the residue is dis-
- solved in ethyl acetate, and washed with aqueous so-
dium bicarbonate and water. After trituration with
ethyl acetate/hexane, 2.2 g. of homogeneous [3-(ben-
zoylamino)-2-0x0-4-phenylbutyljmethylcarbamic acid,
phenylmethyl ester is obtained; m.p. 140°-141°.

(b) |
(£)-N-[3-(Methylamino)-2-oxo-1-(phenylmethyl)-
~ propyl]benzamide, hydrochloride

[3-(Benzoylamino)-2-0x0-4-phenylbutyl}methylcar-
bamic acid, phenylmethyl ester (0.5 g.) is dissolved in
~ethanol (50 ml.) containing 1IN hydrochloric acid (2
ml.). Palladium carbon catalyst (10%, 100 mg.) is added
‘and hydrogenation is continued overnight. The reaction
mixture is then filtered, evaporated, dissolved in water,
and lyophilized to 300 mg. of (£)-N-[3-(methylamino)-
2-0xo0-1-(phenylmethyl)propyllbenzamide, hydrochlo-
ride as a homogeneous white powder.

© -
- (£)-1-[N-[3-(Benzoylamino)-2-oxo-4-phenylbutyl]-N-
- methylglycyl]-L-proline, 1,1-dimethylethyl ester

A reaction mixture of (Z)-N-[3-(methylamino)-2-
oxo-1-(phenylmethyl)propyl]benzamide, hydrochloride
(1.65 g., 5 mmole), 1-(bromoacetyl)-L-proline, 1,1-dime-
thylethyl ester (2.9 g., 10 mmole), from Example 68(a),
and ditsopropylethylamine (1.74 ml., 10 mmole) in di-
methylformamide (20 ml.), is stirred at room tempera-
ture under nitrogen overnight. The reaction mixture is
partitioned between water/ethyl acetate and the aque-
ous layer is extracted once more with ethyl acetate. The
ethyl acetate extracts are dried (Na3;SQg4) and concen-
trated to a yellow oily residue (4.0 g.). Flash chroma-
tography (150 g. of Merck silica gel 60) affords 0.7 g. of
- (=£)-1-[{N-[3-(benzoylamino)-2-0x0-4-phenylbutyl}-N- |
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methylglycyl]-L-proline, 1,1-dimethylethyl ester as a
yellow foam:.

(d)
(%)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
methylglycyl}-L-proline, monohydrochloride

The ester product from part (c) (0.4 g., 0.79 mmole) is
treated with 2N hydrochloric acid/acetic acid (5 ml.).
After stirring for 45 minutes at room temperature, the
reaction mixture is concentrated under reduced pres-
sure and the resulting oily residue is triturated with
ether (3x) to give 028 g. of (=x)-1-[N-[3-(ben-
zoylamino)-2-oxo-4-phenylbutyl}-N-methylglycyl}-L-
proline, monohydrochloride as a white solid; m.p.
125°-130°, Rr0.73 (silica gel, n-butanol/acetic acid/wa-
ter; 3:1:1). |

Anal. cale’d. for CysH9N30s5.HCL.0.23H,0: C,
61.01; H, 6.24; N, 8.54. Found: C, 61.01; H, 6.10: N, 8.36.

EXAMPLE 92

(S)-7-[{[3-(Benzoylamino)-2-ox0-4-phenylbutyl]me-
thylamino}acetyl]-1,4-dithia-7-azaspirof4.4]nonane-8-
carboxylic acid, trifluoroacetate salt (1:1)

. (a)
(S)-7-(Bromoacetyl)-1,4-dithia-7-azaspiro[4.4]nonane-§-
carboxylic acid

(S)-1,4-Dithia-7-azaspiro[4.4]nonane-8-carboxylic
acid, hydrochloride (2.1 g., 8.7 mmole) is dissolved in

IN sodium hydroxide (25 ml.), chilled to 0° and
bromoacetyl bromide (2.1 g., 0.91 ml.,, 10.4 mmole) is

-added dropwise over a 10 minute period. The reaction

mixture 1s stirred for 2 hours (0° to room temperature),
washed with ethyl acetate (twice), and the aqueous
layer is acidified to pH 2 and extracted with ethyl ace-
tate (3 x). The combined organic extracts are dried
(NaS04) and concentrated to give 2.25 g. of (S)-7-
(bromoacetyl)-1,4-dithia-7-azaspiro[4.4Jnonane-8-car-
boxylic acid.

(b)

| (S)-‘?-(Bromoacetyl)- 1,4-d1thia-7-azaspiro[4.4]nonane-8-

carboxylic acid, diphenylmethyl ester

(S)-7-(Bromoacetyl)-1,4-dithia-7-azaspiro[4.4]no-
nane-8-carboxylic acid (2.25 g., 6.9 mmole) is dissolved

in ethyl acetate (150 ml.). Diphenyldiazomethane (1.3

g., 6.9 mmole) is added and the reaction mixture is
stirred overnight at room temperature. The decolorized
reaction mixture is washed with saturated sodium bicar-
bonate (twice), 10% potassium bisulfate (twice) and
water, dried (NaxSQOy), and concentrated to give 2.5 g.
of (S)-7-(bromoacetyl)- 1,4-dithia-7-azaspiro[4.4]no-
nane-8-carboxylic acid, diphenylmethyl ester as a white
solid residue.

(c)
(S)-7-[[[3-(Benzoylamino)-2-0x0-4-phenylbutyljme-
thylaminojacetyl]-1,4-dithia-7-azaspiro[4.4]nonane-8-
carboxylic acid, diphenylmethy] ester

A mixture of the ester product from part (b) (2.4 g.,
4.87 mmole), ()-N-[3-(methylamino)-2-0xo0-1-(phenyl-
methyl)propyl]benzamide (0.81 g., 2.43 mmole), pre-
pared as set forth in Example 91(b), and diisopropyle-
thylamine (0.85 ml., 4.87 mmole) in dimethylformamide
(20 ml.) is stirred at room temperature overnight. The
reaction mixture is poured into water (50 ml.), and ex-
tracted with ethyl acetate (3 X 100 ml.). The combined
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organic extracts are washed with saturated sodium bi-
carbonate, 10% potassium bisulfate, and water, dried
(Na3S0O4), and concentrated into a dark oily residue (2.8
g.). Flash chromatography (200 g. Merck silica gel,
10% ethyl acetate/methylene chloride, 20% methanol-

/ethyl acetate) affords 1.1 g. of (S)-7-[[[3-(ben-
zoylamino)-2-oxo0-4-phenylbutyllmethylamino]acetyl]-
1,4-dithia-7-azaspiro[4.4|nonane-8-carboxylic acid, di-
phenylmethyl ester as a yellow oil.

(d)
(S)-7-[[[3-(Benzoylamino)-2-0x0-4-phenylbutylme-
thylaminoJacetyl]-1,4-dithia-7-azaspiro{4.4jnonane-8-
carboxylic acid, trifluoroacetate salt (1:1)

The ester product from part (c) (10.5 g., 0.72 mmole)
is added to chilled (0°) trifluoroacetic acid (2 ml.) con-
taining anisole (0.1 ml.). After stirring for one hour, the
volatiles are removed in vacuo and the residue is chased
with toluene (twice). The oily residue 1s triturated with
ether (4x) affording 0.36 g. of (8)-7-[[[3-(benzoylamino)-
2-0x0-4-phenylbutyl]methylaminolacetyl]-1,4-dithia-7-
azaspirof4.4)nonane-8-carboxylic acid, trifluoroacetate
salt (1:1); m.p. 120°-125°, Rr0.45 (trailing) (silica gel,
n-butanol/acetic acid/water; 4:1:1).

Anal. calc’d. for C7H31N30552.CoHEF3035: C, 53.11;
H, 4.92; N, 6.40; S, 9.78. Found: C, 52.68; H, 5.03; N
6.53; S, 9.97.

EXAMPLE 93

(S)-2-[[[3-(Benzoylamino)-2-oxo-4-phenylbutyl]me-
thylaminolacetyl]-1,2,3,4-tetrahydro-3-isoquinolinecar-
boxylic acid, monohydrochloride

(a)
2-(Bromoacetyl)-1,2,3,4-tetrahydro-3-isoquinolinecar-
boxylic acid, 1,1-dimethylethyl ester

To a chilled solution of 1,2,3,4-tetrahydro-3-
isoquinolinecarboxylic acid, 1,1-dimethylethyl ester
(7.7 g., 33 mmole) in methylene chloride (100 ml.) is
added diisopropylethylamine (6.23 ml., 36.3 mmole) and
finally over a 15 minute period bromoacetyl bromide
(6.6 g., 2.87 ml., 33 mmole) while keeping the tempera-
ture at 5°. The reaction mixture is stirred overnight
(—5° to room temperature), Concentrated to about
333% of its volume, diluted with ethyl acetate (100 ml.),
washed with saturated sodium bicarbonate (twice),
10% potassium bisulfate (twice), and water (twice),
dried (Na»>SQ4), and concentrated into a dark yellow
semi-solid residue (11.0 g.). Recrystallization from ethyl
acetate/hexane affords 4.2 g. of 2-(bromoacetyl)-
1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid, 1,1-
dimethylethyl ester as a cream colored solid; m.p.
92°-95° (85°).

(b)
(S)-2-[[[3-(Benzoylamino)-2-oxo-4-phenylbutyl]me-
thylamino]acetyl]-1,2,3,4-tetrahydro-3-isoquinolinecar-
boxylic acid, 1,1-dimethylethyl ester

To a solution of 2-(bromoacetyl)-1,2,3,4-tetrahydro-
3-1soquinolinecarboxylic acid, 1,1-dimethylethyl ester
(2.12 g., 6 mmole) in dimethylformamide (20 ml.) is
added (#+)-N-[3-(mnethylamino)-2-0xo-1-(phenylme-
thyl)propyljbenzamide (2.0 g., 6 mmole), prepared as
set forth in Example 91(b), and dusopropylethylamine
(0.77 g., 1.04 ml.,, 6 mmole). The reaction mixture is
stirred overnight, poured into water (50 ml.) and ex-
tracted with ethyl acetate (3 X50 ml.). The combined
ethyl acetate extracts are washed with saturated sodium
bicarbonate (twice) and water (twice), dried (Na;SOy),
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and concentrated into a yellow oily residue (2.9 g.).
Flash chromatography (200 g. Merck silica, 2% me-
thanol/chloroform) gives 0.68 g. of (S)-2-[[[3-(ben-
zoylamino)-2-0x0-4-phenylbutyljmethylamino]acetyl]-
1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid, 1,1-
dimethylethyl ester as a yellow dried up foam.

)
(S) 2-[[[3-(Benzoylamino)-2-oxo-4-phenylbutyl|me-
thylaminolacetyl]-1,2,3,4-tetrahydro-3-isoquinolinecar-
boxylic acid, monohydrochloride

The ester product from part (b) (1.67 g., 1.17 mmole)
1s treated with 2N hydrochloric acid/acetic acid (5 ml.).
After stirring for one hour at room temperature, the
reaction mixture is concentrated under reduced pres-
sure and the resulting oily residue is triturated with
ether (4x) to give 0.55 g. of (8)-2-[[[3-(benzoylamino)-2-
oxo-4-phenylbutyllmethylaminolacetyl]-1,2,3,4-tet-
rahydro-3-isoquinolinecarboxylic acid, monohydro-
chloride as an off white solid; m.p. 123°-126°, R 0.47
(silica gel, n-butanol/acetic acid/water; 4:1:1).

Anal. calc’d. for Ci3pH31N3O5.HCLO0.32H,O: C,
64.82; H, 5.92; N, 7.56; Cl, 6.38. Found: C, 64.82; H,
6.22; N, 7.55; Cl, 6.13.

EXAMPLE 94

[1(=%),4S]-1-[N-[3-(Benzoylamino)-2-0x0-4-phenyl-
butyl]-N-methylglycyl]-4-(phenylthio)-L-proline,
monohydrochloride

(a) (4S)-1-(Bromoacetyl)-4-(phenylthio)-L-proline

To a suspension of (45)-4-(phenylthio)-L-proline (2.2
g., 10 mmole) in methylene chloride (50 ml., freshly
distilled) is added bis(trimethylsilyl)acetamide (7.35 ml.,
30 mmole). The reaction mixture 1s stirred at room
temperature for 2 hours until it becomes almost clear.
The reaction mixture is then cooled to —5° and
bromoacetyl chloride (1.9 g., 1.0 ml., 12 mmole) is
added dropwise keeping the temperature at —5°. After
stirring overnight (—5° to room temperature), the reac-
tion mixture is concentrated to about 50% of 1ts volume,
partitioned  between  saturated sodium  bicar-
bonate/ethyl acetate and the layers are separated. The
organic layer is extracted once more with saturated
sodium bicarbonate. The combined aqueous layers are
acidified to pH 2.0 with 10% potassium bisulfate and
extracted with ethyl acetate (3x). The ethyl acetate
fractions are combined, dried (Na;SO4) and concen-
trated to give 3.5 g. of (4S)-1-(bromoacetyl)-4-(phenyl-
thio)-L-proline as a viscous oil.

(b) (45)-1-(Bromoacetyl)-4-(phenylthio)-L-proline,
diphenylmethyl ester

A solution of diphenyldiazomethane (2.0 g., 10.2
mmole) in ethyl acetate (50 ml.) 1s added dropwise to a
solution of (48)-1-(bromoacetyl)-4-(phenylthio)-L-pro-
line (3.5 g., 10.2 mmole) in ethyl acetate (50 ml.). The
purple solution is stirred at room temperature over-
night. The decolorized reaction mixture is washed with
saturated sodium carbonate (twice) and water (twice),
dried (Na;SOg4), and concentrated to give 4.78 g. of
(4S)-1-(bromoacetyl)-4-(phenylthio)-L-proline, diphe-
nylmethyl ester as a yellow viscous oil.
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(¢) |
[1(=),4S]-1-[N-[3-(Benzoylamino)-2-0x0-4-phenyl-
butyl]-N-methylglycyl}-4-(phenylthio)-L-proline,
diphenylmethyl ester

To a solution of (45)-1-(bromoacetyl)-4-(phenylthio)-
L-proline, diphenylmethyl ester (4.78 g., 9.4 mmole) in
dimethylformamide (20 ml.) is added (=)-N-[3-(me-
thylamino)-2-oxo-1-(phenylmethyl)propyl]benzamide
(2.42 g., 7.2 mmole), prepared as set forth in Example
91(b), and diisopropylethylamine (0.93 g., 1.25 ml., 7.2
mmole). After stirring overnight at room temperature,
the reaction mixture is poured into water (50 ml.) and
extracted with ethyl acetate (3x). The combined ethyl
acetate extracts are washed with saturated sodium bi-
carbonate (twice) and water (twice), dried (Na:SQOy),
concentrated into a yellow oil (6.2 g.). Flash chroma-
tography (Merck silica gel, 2% methanol/methylene
chloride) gives 3.2 g. of [1(%),4S])-1-[N-[3-(ben-
zoylamino)-2-oxo-4-phenylbutyl]-N-methylglycyl]-4-
(phenylthio)-L-proline, diphenylmethyl ester as a pale
yellow foam.

_ (d)
[1(=£),4S]-1-[N-[3-(Benzoylamino)-2-0x0-4-phenyl-
butyl]-N-methylglycyl]-4-(phenylthio)-L-proline,
monohydrochloride

The ester product from part (c) (1.6 g., 2.2 mmole) is
‘treated with 2N hydrochloric acid/acetic acid (20 ml.).
After stirring for 2 hours at room temperature, the reac-
tion mixture is concentrated under reduced pressure
and the oily residue is triturated with ether overnight to
yield 1.2 g. of [1(=),4S]-1-[N-[3-(benzoylamino)-2-0xo-
4-phenylbutyl]-N-methylglycyl]-4-(phenylthio)-L-pro-
line, monohydrochloride as an off-white solid; m.p.
131°-133" R£0.38 (silica gel, n-butanol/acetic acid/wa-
ter; 4:1:1).

Anal. calc’d. for Cj31H3zN305S.HCL0.9H,O: C,
60.82; H, 3.90; N, 6.87; S, 5.24; Cl, 5.79. Found: C, 60.82;
H, 5.74; N, 6.94; S, 5.25; Cl, 5.75.

EXAMPLE 95

(45)-1-[N-{3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
methylglycyl]-4-(4-fluorophenoxy)-L-proline,
monohydrochloride

(a) (4S)-1-(Bromoacetyl)-4-(fluorophenoxy)-L-proline,
1,1-dimethylethyl ester

To a solution of (S)-4-(fluorophenoxy)-L-proline,
I,1-dimethylethyl ester (2.1 g., 7.5 mmole) in distilled
tetrahydrofuran (50 ml.) is added bromoacetic acid
(1.04 g., 7.5 mmole), hydroxybenzotriazole hydrate
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(1.14 g., 7.5 mmole) and dicyclohexylcarbodiimide (1.54

g., 7.5 mmole). The reaction mixture is stirred over-
night, the precipitated dicyciohexylurea is filtered off,
and the filtrate is concentrated. The residue is dissolved
in ethyl acetate (50 ml.) and washed with saturated
sodium bicarbonate (twice), 10% potassium bisulfate
- (twice) and water (twice), dried (Na;SO4) and concen-
trated to give 3.1 g. of (45)-1-(bromoacetyl)-4-(fluoro-
phenoxy)-L-proline, 1,1-dimethylethyl ester as an oily
residue. |

' (b)
(45)-1-[N-[3-(Benzoylamino)-2-ox0-4-phenylbutyl]-N-
methylglycyl]-4-(4-fluorophenoxy)-L-proline,
1,1-dimethylethyl ester

To a solution of (4S)-1-(bromoacetyl)-4-(fluoro-
phenoxy)-L-proline, 1,1-dimethylethyl ester (3.4 g., 8.5
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mmole) in dimethylformamide (20 ml.) is added (=#)-N-
[3-(methylamino)-2-oxo-1-(phenylmethyl)propyllben-
zamide (2.83 g., 8.5 mmole), prepared as set forth in
Example 91(b), and diisopropylethylamine (1.43 g., 1.92
ml., 11.0 mmole). After stirring overnight at room tem-
perature, the reaction mixture is poured into water (100
ml.) and extracted with ethyl acetate (3x). The com-
bined ethyl acetate extracts are washed with saturated
sodium bicarbonate (twice), 109% potassium bisulfate
(twice), and water (twice), dried (Na3SOy), and concen-
trated into a dark residue (5.5 g.). Flash chromatogra-
phy (LPS-1 silica gel, 50% ethyl acetate/methylene
chloride) gives 1.2 g. of (4S)-1-[N-[3-(benzoylamino)-2-
0x0-4-phenylbutyl]-N-methylglycyl]-4-(4-fluoro-
phenoxy)-L-proline,1,1-dimethylethy]l ester as a pale
yellow foam. |

(c)
(45)-1 -[N-[3-(Benzoylamino)-.’l—qxo—4-phenylbutyl]-N-
methylglycylj-4-(4-fluorophenoxy)-L-proline,
monohydrochloride

The ester product from part (b) (1.2 g., 1.95 mmole) is
treated with 2N hydrochloric acid/acetic acid (20 ml.).
After stirring for 2 hours at room temperature, the reac-
tion mixture is concentrated under reduced pressure
and the oily residue is triturated with ether overnight to
yield 0.92 g. of (4S)-1-[N-[3-(benzoylamino)-2-0x0-4-
phenylbutyl]-N-methylglycyl}-4-(4-fluorophenoxy)-L-
proline, monohydrochloride as an off-white solid; m.p.
131°-140°, Rr0.54 (silica gel, n-butanol/acetic acid/wa-
ter; 3:1:1). |

Amnal. calc’d. for C3;H3:N3FO¢.HCLO.55H;0: C,

-61.24; H, 5.65; N, 6.91; Cl, 5.83. Found: C, 61.24; H,

3.66; N, 7.09; Cl, 5.70. .

In a similar manner, the procedure of Examples 91 to
75 can be employed to prepare the compounds of Ex-
amples 1 to 90.

EXAMPLE 96

N-[N -[3-(Benzoylamino)-2-0xo-4—phenylbutyl]-N-
methylglycyl]-N-cyclohexylglycine,
monohydrochloride

(a)
(£)-N-{3-(Benzoylamino)-2-oxo-4-phenylbutyl}-N-
‘methylglycine, 1,1-dimethylethyl ester

To a solution of (%)-N-[3-(methylamino)-2-0xo0-1-
(phenylmethyl)propyl]benzamide (5.0 g., 15 mmole),
prepared as set forth in Example 91(b), in dimethyl-
formamide (20 ml.) is added bromoacetic acid, 1,1-
dimethylethyl ester (13.8 g., 3.15 ml., 19.5 mmole) and
disopropylethylamine (2.5 g., 3.4 ml.,, 19.5 mmole).
After stirring overnight at room temperature, the reac-
tion mixture is poured into water (100 ml.) and ex-
tracted with ethyl acetate (3x). The combined ethyl
acctate extracts are washed with saturated sodium bi-
carbonate (twice), 10% potassium bisulfate (twice), and
water (twice), dried (Na;S0gy), and concentrated into a
yellow oil, which becomes a dried up foam upon drying
in high vacuum, to give 5.4 g. of (+)-N-[3-(ben-
zoylamino)-2-oxo-4-phenylbutyl]-N-methylglycine, 1,1-
dimethylethyl ester. |
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(b)
(£)-N-[3-(Benzoylamino)-2-oxo-4-phenylbutyl}-N-
methylglycine, monohydrochloride

The ester product from part (a) (4.51 g., 11 mmole) is
treated with 2N hydrochloric acid/acetic acid (20 ml.).

After stirring for 2.5 hours at room temperature, the
reaction mixture is concentrated under reduced pres-
sure and the oily residue is triturated with ether to give
3.3 g. of (&F)-N-[3-(benzoylamino)-2-0x0-4-phenyl-
butyl]-N-methylglycine, monohydrochloride as an off-
white solid. .

(c)
N-IN-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
methylglycyl]l-N-cyclohexylglycine, 1,1-dimethylethyl
ester

To a solution of (x£)-N-[3-(benzoylamino)-2-0x0-4-
phenylbutyl}-N-methylglycine, hydrochloride (1.0 g,
2.6 mmole) in distilled tetrahydrofuran (50 ml.) is added
N-cyclohexylglycine, 1,1-dimethylethyl ester (0.55 g.,
2.6 mmole), prepared as set forth in Example 65(a),
hydroxybenzotriazole hydrate (0.39 g., 2.6 mmole), and
dicyclohexylcarbodiimide (0.55 g., 2.6 mmole). The
reaction mixture is stirred overnight, the precipitated
dicyclohexylurea is filtered off, and the filtrate is con-
centrated. The residue is dissolved in ethyl acetate (50
ml.) and washed with saturated sodium bicarbonate
(twice), 10% potassium bisulfate (twice), and water
(twice), dried (Na2SQ4) and concentrated into an oily
residue (1.5 g.). Flash chromatography (100 g., Merck
silica gel 60) gives 0.49 g. of N-[N-[3-(benzoylamino)-2-
oxo-4-phenylbutyl]-N-methylglycyl]-N-cyclohexylgly-
cine, 1,1-dimethylethyl ester as a foam.

(d)
N-[N-[3-(Benzoylamino)-2-ox0-4-phenylbutyl]-N-
methylglycyl]-N-cyclohexylglycine,
monohydrochloride

The ester product from part (¢) (0.48 g., 0.87 mmole)
1s treated with 2N hydrochloric acid/acetic acid (10

- ml.). After stirring for 2 hours at room temperature, the

reaction mixture 1s concentrated under reduced pres-
sure and the oily residue is triturated with ether over-
night to give 0.32 g. of N-[N-[{3-(benzoylamino)-2-0xo-
4-phenylbutyl]-N-methylglycyl]-N-cyclohexylglycine,
monohydrochloride as an off-white solid; m.p.
131°-145°, Rr0.36 (silica gel, n-butanol/acetic acid/wa-
ter; 4:1:1).

Anal. calc’d. for C;3H3isN30O5.HCL.0.7H,0: C, 61.95;
H, 6.95; N, 7.74; Cl, 6.53. Found: C, 61.95; H, 6.74; N,
7.71; Cl, 6.23.

EXAMPLE 97

(Sj—?—[[[(i)-3-(Benzoylamino)-2-0x0-4-phenylbutyl]-
methylaminojacetyl]-1,4-dithia-7-azaspiro[4.4]nonane-
8-carboxylic acid, methyl ester

To a solution of (=£)-N-[3-(benzoylamino)-2-0x0-4-
phenylbutyll-N-methylglycine, monohydrochloride
(1.0 g., 2.5 mmole), prepared as set forth in Example
96(b), in distilled tetrahydrofuran (50 ml.) i1s added (S)-
1,4-dithia-7-azaspiro{4.4]nonane-8-carboxylic acid,
methyl ester, monohydrochloride (0.66 g., 2.5 mmole),
dicyclohexylcarbodiimide (0.54 g., 2.5 mmole), hydrox-
ybenzotriazole hydrate (0.39 g., 2.5 mmole) and diiso-
propylethylamine (0.9 ml., 5 mmole). The reaction mix-
ture 1s stirred overnight, the precipitated dicyclohex-
ylurea 1s filtered off, and the filtrate is concentrated.
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The residue 1s dissolved in ethyl acetate (100 ml.) and
washed with saturated sodium bicarbonate (twice) and
water (twice), dried (Na;S0y4), and concentrated into a
vellow oily residue (1.3 g.). Flash chromatography
(Merck silica gel, 25% ethyl acetate/methylene chlo-
ride, 1% methanol/methylene chloride) affords 0.53 g.
of (8)-7-[[[(x)-3-(benzoylamino)-2-0x0-4-phenylbutyl]-
methylaminolacetyl]-1,4-dithia-7-azaspiro[4.4]nonane-
8-carboxylic acid, methyl ester as a white foam; m.p.
60°-62°, Ry 0.52 (silica gel, 5% methanol/methylene
chloride).

Anal. calc’d. for CyzH33N30552.0.33H,0: C, 59.87;
H, 6.04; N, 7.48; S, 11.42. Found: C, 59.87; H, 5.94; N,
7.56; S, 11.36.

EXAMPLE 98

(S)-7-[[[(%)-3-(Benzoylamino)-2-0xo-4-phenylbutyl]-
methylamino]acetyl]-1,4-dithia-7-azaspiro[4.4]nonane-
8-carboxylic acid, methyl ester, monohydrochloride

The methyl ester product from Example 97 (0.26 g.,
0.46 mmole) is treated with 2N hydrochloric acid/a-
cetic acid until homogeneous (2 minutes), concentrated
under reduced pressure, and the otly residue is tritu-
rated with ether (twice) to give 0.26 g. of (8)-7-{[[(Z£)-3-
(benzoylamino)-2-0x0-4-phenylbutyl|me- |
thylaminolacetyl]-1,4-dithia-7-azaspiro[4.4|nonane-8-
carboxylic acid, methyl ester, monohydrochloride as a
white solid; m.p. 79°-85". Rr0.53 (silica gel, 5% me-
thanol/methylene chloride).

Anal. calc’d. for CygHi3N3055..HCI.0.56H;0: C,
55.84; H, 5.88; N, 6.98; S, 10.64; CL,5.88. Found: C,
55.84;: H, 5.95; N, 6.78; S, 10.43; Cl,5.66.

EXAMPLE 99

(4S)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
methylglycyl]-4-(4-fluorophenoxy)-L-proline, methyl
ester, monohydrochloride

(a) (4S)-4-(Fluorophenoxy)-L-proline, methyl ester,
monohydrochloride

To a suspension of (45)-4-(fluorophenoxy)-L-proline
(2.5 g., 11 mmole) in methanol at —30° under an argon
atmosphere is added thionyl chloride (8.09 ml., 11
mmole). The reaction mixture is stirred at —20° for 2
hours, then at room temperature for 16 hours. Solvent 1s
removed at reduced pressure and the residue 1s redis-
solved in methylene chloride (150 ml.) and washed with
IN sodium carbonate (twice) and water (twice). After
drying (MgSQOs), excess hydrochloric acid/methanol 1s
added and solvent i1s removed at reduced pressure. Ad-
dition of ether gives a light brown solid (2.6 g.). Recrys-
tallization from methanol/ether gives 1.49 g. of (45)-4-
(fluorophenoxy)-L-proline, methyl ester, monohydro-
chloride as a light brown solid; m.p. 147°-148";
[a]p?0= +6.96° (c=1.55, methanol).

(b)
(4S)-1-[N-{3-(Benzoylamino)-2-0xo-4-phenylbutyl]-IN-
methylglycyl}-4-(4-fluorophenoxy)-L-proline, methyl

ester

To a solution of (=)-N-{3-(benzoylamino)-2-0x0-4-
phenylbutylj-N-methylglycine, monohydrochloride
(1.17 g., 3 mmole), prepared as set forth in Example
96(b), in distilled tetrahydrofuran (20 ml.) is added (45)-
4-(fluorophenoxy)-L-proline, methyl ester, monohydro-
chloride (0.82 g., 3 mmole), hydroxybenzotriazole hy-
drate (0.46 g., 3 mmole) and dicyclohexylcarbodiimide
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(0.62 g., 3 mmole). The reaction mixture is stirred over-
mght, the precipitated dicyclohexylurea is filtered off,
and the filtrate is concentrated. The residue is dissolved
in ethyl acetate (50 ml.) and washed with saturated
sodium bicarbonate (twice) and water (twice), dried
(Na2SOy), and concentrated into an oily residue (1.1 g.).
Flash chromatography (200 g., Merck silica gel 60; 3%
methanol/chloroform) gives 0.15 g. of (4S)-1-[N-[3-
(benzoylamino)-2-o0xo0-4-phenylbutyl}-N-methyl-
glycyl}-4-(4-fluorophenoxy)-L-proline, methyl ester as
a foam.

(c)
(4S)-1-[N-[3-(Benzoylamino)-2-oxo-4-phenylbutyi]-N-
methylglycyl]-4-(4-fluorophenoxy)-2-proline, methyl
ester, monohydrochloride

The methyl ester product from part (b) (0.15 g., 0.26
mmole) 1s treated with 2N hydrochloric acid/acetic
acid until homogeneous (2 minutes), concentrated
under reduced pressure, and the oily residue is tritu-
rated with ether (twice) to afford 0.14 g. of (4S)-1-[N-[3-
(benzoylamino)-2-0xo0-4-phenylbutyl]-N-methy]-
glycyl]-4-(4-fluorophenoxy)-L-proline, methyl ester,
monohydrochloride as an .off-white solid; m.p.
105°-125°. Ry 0.27 (silica gel, 5% methanol/-
chioroform). |

'Anal. calc’d. for C3;H34FO6.HCI: C, 62.79; H, 5.76:

N, 6.86; F, 3.10; CI, 5.79. Found C, 62.78, H 5.73; N'

6.87; F, 2.83; Cl, 5.33.

EXAMPLE 100

(45)-1-[N-[(S)-3-(Benzoylamino)-2-oxo0-4-phenylbutyl]-
L-alanyl}-4-(4-fluorophenoxy)-L-proline,
monohydrochloride

' (a)
- (5)-N-[3-(Benzoylamino)-2-0xo0-4-phenylbutyl]-L-ala-
nine, 1,1-dimethylethyl ester

To a stirring solution of (S)-N-[3-chloro-2-0x0-1-
(phenylmethyl)pmpyl]benzamlde (10.0 g., 33.1 mmole)
in dimethylformamide (80 ml.) is added L-alanine, 1,1-
dimethylethyl ester, hydrochloride (6.0 g., 33.1 mmole),
sodium bicarbonate (6.1 g., 72 mmole) and sodium io-
dide (4.9 g., 33.1 mmole). The resulting solution is
stirred overnight at room temperature, poured into
ether and washed with water (twice) and 10% sodium
bicarbonate. The ether solution is extracted with IN
hydrochloric acid (3x), the combined extracts are made
basic by the addition of solid sodium bicarbonate and
extracted with ethyl acetate (4x). The organic extracts
are combined, dried (MgSQO4) and concentrated to gwe
8.9 g. of pale yellow solid. A portion of this material is
recrystallized from ethyl acetate to give (S)-N-[3-(ben-
zoylamino)-2-0x0-4-phenylbutyl]-L-alanine,
thylethyl ester as a white solid; m.p. 106.5°-110°,

(b)
(S)-N-[3- (Benzoylammo) 2-0xo-4—phenylbutyl]-L-ala—
~ nine, monohydrochloride

A solution of the ester product from part (a) (2.95 g.,
5.4 mmole) in 1.4N hydrochloric acid in acetic acid (39
ml.) 1s stirred at room temperature for 2 hours. The
resulting white precipitate is collected, rinsed with
ether ‘and dried to give 2.27 g. of (S)-N-[3-(ben-
zoylamino)-2-oxo-4-phenylbutyl]-L-alanine, monohy-
drochloride; m.p. 208°-209° (dec.); [alp=-—71°
(c=0.38% in methanol). Rf0.51 (silica gel; chloroform-
/methanol/acetic acid; 4:1:1).

10

15

82
Anal. calc’d. for CypH23N204.HCI: C, 61.64; H, 5. 93;
N, 7.17; Cl, 9.07. Found: C, 61.33; H, 5.97: N, 7.17; Cl,
8.79.

(c)
[N-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanine

(S)-N-

Triethylamine (2.1 ml., 15 mmole) is added to a mix-
ture of (5)-N-[3- (benzoylamlno) -2-0X0-4-phenylbutyl]-
L-alanine, monohydrochioride (2.0 g., 5.1 mmole), ben-
zyl chloroformate (730 ul., 5.1 mmole), water (7 ml)
and dioxane (7 ml.) at 25°. The resultmg mixture 1s
stirred at 25° for 3 hours, after which it is poured into
5% aqueous sodium bicarbonate solution and washed
with ether. The aqueous layer is acidified (HCI) and

- extracted into ethyl acetate (3x). The extract is dried -
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(MgSOy4) and concentrated to give a colorless oil. Tritu-
ration with ether produces a white granular solid (150
mg.) which is collected and discarded. The mother
liquor is concentrated in vacuo to give 1.75 g. of (S)-N-

[N-(benzoylamino)-2-0x0-4-phenylbutyl]-N-[(phenyl-

methoxy)carbonyl]-L-alanine as a white glass.

(d)
(45)-1-[N-[(S)-3-(Benzoylamino)-2- oxo-4-phenylbutyl]
N-[(phenylmethoxy)carbonyl]-L-alanylj-4-(4-fluoro-
phenoxy)-L-proline, phenylmethyl ester

A mixture of (S)-N-[N-(benzoylamino)-2-0xo0-4-

phenylbutyl]-N-[(phenylmethoxy)carbonyl}-L-alanine
(300 mg., 0.62 mmole), (4S)-4-(4-fluorophenoxy)-L-pro-

~ line, phenylmethyl ester, p-toluenesulfonic acid salt
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(300 mg., 0.62 mmole), triethylamine (90 pl., 0.62
mmole), dicyclohexylcarbodiimide (130 mg., 0.62

‘mmole), and hydroxybenzotriazole hydrate (90 mg.,

0.62 mmole) in tetrahydrofuran {7 ml.) is stirred at 25°
for 20 hours. The mixture is then filtered and diluted
with ethyl acetate. The resulting solution is washed
sequentially with 1N hydrochloric acid and 10% aque-
ous sodium bicarbonate solution, dried (MgS0Qy), fil-
tered, and concentrated to give 500 mg. of (4S)-1-[N-
[(S)-3-(benzoylamino)-2-0x0-4-phenylbutyl}-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-4-(4-fluoro-
phenoxy)-L-proline, phenylmethy] ester as a pale yel-
low oil.

()

(45)-1-[N-[(S)-3-(Benzoylamino)-2-oxo-4-phenylbutyl]-

L-alanyl]-4-(4-fluorophenoxy)-L-proline,
monohydrochloride

A mixture of the ester product from part(d) (500 mg.,
0.6 mmole), palladium on carbon catalyst (10%, 100
mg.), absolute ethanol (15 ml.), and 1.0N aqueous hy-
drochloric acid (800 ul., 0.8 mmole) is hydrogenated at
I atmosphere and 25° for 17 hours, after which it is
filtered and concentrated. The residue is chromato-

- graphed on HP-20 a linear gradient from [9:1, 0.01N

aqueous hydrochloric acid:methanol] to [1:1, 0.0IN
aqueous’ hydrochloric acid:methanol]. Fractions con-
taming the desired product (TLC) are combined and
concentrated. The residue is dissolved in a minimum
amount of methanol. Ether is added, resulting in 2 white
precipitate which is collected and dried in vacuo to give
200 mg. of (45)-1-[N-[(S)-3-(benzoylamino)-2-0x0-4-
phenylbutyl]-L-alanyl]-4-(4-fluorophenoxy)-L-proline,

monohydrochloride;  m.p..  152°-153° (dec.);
[a]p?°=—30° (c=0.5, methanol). Rr 0.75 (silica gel,
chloroform/methanol/acetlc acid, 4:1:1).
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Anal. calc’d. for C31H32FN306.HCIL.1.5HO: C,
59.57; H, 5.80; N, 6.72; Cl, 5.67. Found: C, 59.68; H,
5.56; N, 6.67; Cl, 5.99.

EXAMPLE 101

[1(8S),4R]-1-[N-[3-(Benzoylamino)-2-oxo0-4-phenyl-
butyl]-L-alanyl]-4-phenyl-L-proline,
monohydrochloride

(a)
(S)-N-[N-(Benzoylamino)-2-o0xo-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanine, succimimido

ester

A mixture of (8)-N-[N-(benzoylamino)-2-0x0-4-
phenylbutyl]-N-{(phenylmethoxy)carbonylj-L-alanine
(800 mg., 1.6 mmole), prepared as set forth in Example
100(c), dicyclohexylcarbodiimide (340 mg., 1.6 mmole),
and N-hydroxysuccinimide (190 mg., 1.6 mmole) in
tetrahydrofuran (5 ml.) is stirred at 25° for 18 hours.
After this time it is filtered and concentrated to give 950
mg. of (S)-N-[N-(benzoylamino)-2-0xo-4-phenylbutyl]-
N-[(phenylmethoxy)carbonyl]-L-alanine, succinimido
ester.

(b)
[1(S),4R]-1-[N-[3-(Benzoylamino)-2-0x0-4-phenyl-
butyl]-N-[(phenylmethoxy)carbonyl}-L-alanyl}-4-phe-
nyl-L-proline

To a solution of (S)-N-[N-(benzoylamino)-2-0x0-4-
phenylbutyl]-N-[(phenylmethoxy)carbonyl]-L-alanine,
succinimido ester (950 mg., 1.6 mmole) in dimethyl-
formamide (5 ml.) is added (4R)-4-phenyl-L-proline,
hydrochloride (375 mg., 1.7 mmole) and triethylamine
(40 pl., 3.2 mmole). The resulting mixture 1s stirred at
25° for 24 hours, after which it is poured into excess 1N
hydrochloric acid and extracted with ethyl acetate (3x).
The extracts are combined, dried (MgSQa4), filtered, and
concentrated to give 1.1 g. of [1(5),4R]-1-[N-{3-(ben-
zoylamino)-2-0xo0-4-phenylbutyl]-N-[(phenylmethoxy)-
carbonyl}-L-alanyl]-4-phenyl-L-proline.

(c)
[1(S),4R]-1-[N-[3-(Benzoylamino)-2-0x0-4-phenyl-
butyl]-L-alanyl]-4-phenyl-L-proline,
monohydrochloride

The product from part (b) (1.0 g., 1.5 mmole), ethanol
(20 ml.), water (5 ml.), 1.0N hydrochloric acid (1.5 ml.,
1.5 mmole), and palladium on carbon catalyst (10%, 100
mg.) is hydrogenated at one atmosphere and 25° for 18
hours, after which it 1s filtered and concentrated. The
residue is chromatographed on HP-20 using a linear
gradient [0.01N aqueous hydrochloric actd:methanol,
40:60 to 10:90]. Fractions containing the desired prod-
uct (TLC) are combined and concentrated. The residue
is dissolved in a minimum amount of methanol. Ether is
added and the resulting white precipitate 1s collected
and dried to give 300 mg. of [1(8),4R]-1-[N-[3-(ben-
zoylamino)-2-oxo-4-phenylbutyl]-L-alanyi]-4-phenyl-
L-proline, monohydrochloride; m.p. 160°-162° (dec.);
[a]p??=—57" (c=1.5, methanol). Ry 0.8 (silica gel;
chloroform/methanol/acetic acid; 4:1:1).

Anal. calc’d. for C31Hi33N3Os.HCL1.35H,0: C,
63.27; H, 6.29; N, 7.14; C}, 6.02. Found: C, 63.27; H,
6.17; N, 7.19; Cl, 5.97. |
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EXAMPLE 102

[1(S),4S]-1-[N-[3-(Benzoylamino)-2-0xo-4-phenyl-
butyl]-L-alanyl]-4-phenyl-L-proline,
monohydrochloride

Following the procedure of Example 101 but em-
ploying (4S)-4-phenyl-L-proline, hydrochloride in part
(b), one obtains [1(S),4S]-1-[N-[3-(benzoylamino)-2-
oxo-4-phenylbutyl]-L-alanyl-4-phenyl-L-proline,
monohydrochloride; m.p. 138°-143°; [a]p=—61°
(c=0.3% in methanol). Rr0.84 (silica gel, chloroform-
/methanol/acetic acid, 4:1:1).

Anal. calc’d. for C3iH33N3Os5.HCIL.2.13H20O: C,
61.80; H, 6.35; N, 6.98; Cl, 5.88. Found: C, 61.80; H,
6.06; N, 7.05; ClI, 5.65.

EXAMPLE 103

[1(S),4R]-1-[N-[3-(Benzoylamino)-2-0xo-4-phenyl-
butyl]-L-alanyll-4-cyclohexyl-L-proline,
monohydrochloride

Following the procedure of Example 101 but em-
ploying (4R)-4-cyclohexyl-L-proline, hydrochloride in
part (b), one obtains [1(S),4R]-1-[N-[3-(benzoylamino)-
2-0x0-4-phenylbutyl]-L-alanyl]-4-cyclohexyl-L-proline,
monohydrochloride; m.p. 140°-154° (dec.); {a]p= —83°
(c=0.36% in methanol). Rf0.84 (silica gel; chloroform-
/methanol/acetic acid; 4:1:1).

Anal. calc’d. for C31H39N305.HCIL.0.79H,0: C,
63.71: H, 7.17; N, 7.19; Cl, 6.06. Found: C, 63.71; H,
7.21; N, 7.05; Cl, 5.82.

EXAMPLE 104

B (S),4S]- 1-[N-[3-(Benzoylamino)-2-0x0-4-phenyi-
butyl]-L-alanyl}-4-cyclohexyl-L-proline,
monohydrochloride

Following the procedure of Example 101 but em-
ploying (4S)-4-cyclohexyl-L-proline, hydrochloride in
part (b), one obtains [1(S),4S]-1-[N-[3-(benzoylamino)-
2-0x0-4-phenylbutyl]-L-alanyl}-4-cyclohexyl-L-proline,
monohydrochloride; m.p. 139°-141° (dec.); [a] p= —80°
(¢=0.2% in methanol). Rr0.83 (silica gel; chlorotorm-
/methanol/acetic acid; 4:1:1).

Anal. calc’d. for C31H39N30O5.HCI.1.54H,0: C,
62.28: H, 7.26; N, 7.03; Cl, 5.93. Found: C, 62.28; H,
7.01; N, 7.02; C], 6.16.

EXAMPLE 105

(S)-7-[(S)-2-[[3-(Benzoylamino)-2-0x0-4-phenylbutyl-
lamino}-1-oxopropyl]-1,4-dithia-7-azaspiro{4.4lnonane-
8-carboxylic acid, monohydrochloride

Following the procedure of Example 101 but em-
ploying (S)-1,4-dithia-7-azaspiro[4.4]nonane-8-carboxy-
lic acid, hydrochloride in part (b) for the L-proline
reactant, one obtains (S)-7-[(S)-2-[[3-(benzoylamino)-2-
0x0-4-phenylbutyllamino}-1-oxopropyl]-1,4-dithia-7-
azaspiro[4.4]nonane-8-carboxylic acid, monohydro-
chloride; m.p. 170°-172°%; [a]p*’=—26° (c=1.4% in
methanol). Rr0.78 (stlica gel; chlorotorm/methanol/a-
cetic acid; 6:1:1). |

Anal. calc’d. for Cy;7Ha11N30552.HCL.0.77H,0: C,
54.77; H, 5.71; N, 7.10; S, 10.83; Cl, 5.99. Found: C,
54.77; H, 5.70; N, 6.94; S, 10.82; Cl, 6.07.
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EXAMPLE 106

[1(S),58]-1-[N-[3-(Benzoylamino)-2-0xo-4-phenyl-
butyl]-L-alanyl}-4,5-dihydro-3-phenyl-1H-pyrazole-5-
carboxylic acid, monohydrochloride

Following the procedure of Example 101 but em-
ploying  (S)-4,5-dihydro-3-phenyl-1H-pyrazole-5-car-
boxylic acid for the L-proline reactant in part (b), one
obtains the above named compound.

EXAMPLE 107

(S)-2-[N-[(S)-3-(Benzoylamino)-2-oxo-4-phenylbutyl]-
L-alanyl}-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic
acitd, monohydrochloride

‘Following the procedure of Example 101 but em-
ploying (S)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic
acid, hydrochloride in part (b) in place of the proline
reactant, one obtains (S)-2-[N-[(S)-3-(benzoylamino)-2-
0x0-4-phenylbutyl]-L-alanyl}-1,2,3,4-tetrahydro-3-
isoquinolinecarboxylic acid, monohydrochloride.

EXAMPLE 108

- I-{N-(S)-3-(Benzoylamino)-2-oxo-4-phenylbutyl]-L-
alanyl]-2-(2-hydroxyphenyl)-4(R)-thiazolidinecarboxy-
lic acid, monohydrochloride

Following the procedure of Example 101 but em-
ploying 2-[(2-phenyimethoxy)phenyl]-4(R)-
thiazolidinecarboxylic acid, hydrochloride in part (b) in
place of the proline reactant, one obtains after removal
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of the hydroxy protecting group 1-[N-[(S)-3-(ben-

zoylamino)-2-oxo0-4-phenylbutyl}-L-alanyl]-2-(2-
hydroxyphenyl)-4(R)-thiazolidinecarboxylic
monohydrochloride.

In a similar manner, the processes of Examples 96, 97,
99 and 100 to 108 can be employed to prepare the com-
pounds of Examples 1 to 95. |

EXAMPLE 109

(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyi]-L-
- alanyl}-L-proline, methyl ester, monohydrochloride

_ (2)
1-[N-(2-Ethoxy-2-oxoethyl)-N-[(phenylmethoxy)car-
bonyl]-L-alanyl}-L-proline, 1,1-dimethylethyl ester

L-Alanyl-L-proline, 1,1-dimethylethyl ester (25.44 g.,
105 mmoile) is taken into tetrahydrofuran (400 ml.) with
stirring. To this bromoethyl acetate (11.64 ml., 105
mmole) and diisopropylethylamine (18.3 ml., 105
mmole) are added. After 6 hours the reaction mixture is
chilled in an ice bath and benzyl chloroformate (16.5
ml., 115.5 mmole) and diisopropylethylamine (20.1 ml.,
115.5 mmole) are added. After one hour the ice-bath is
removed and the reaction mixture is kept overnight at
room temperature. It 1s then concentrated to dryness,
taken into ethyl acetate, and washed neutral with 10%
potassium bisulfate and saturated sodium bicarbonate.
The crude product (52.3 g.) is purified on a silica gel
column eluting with ethyl acetate:hexane (1:1) to yield
42.4 g. of 1-[N-(2-ethoxy-2-oxoethyl)-N-[(phenylme-
thoxy)carbonyl]-L-alanyl]-L-proline, 1,1-dimethylethyl
ester.

acid,

(b)
1-[N-(Carboxymethyl)-N-[(phenylmethoxy)carbonyl]-
L-alanyl]-L-proline, 1,1-dimethylethyl ester

The ester product from part (a) (21 g., 45.4 mmole) is
taken into methanol (150 ml.) and 1N sodium hydroxide
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(50 ml., 50 mmole) with stirring at room temperature.
After 5.5 hours the methanol is removed in vacuo and
the aqueous portion is extracted with ethyl acetate. The
aqueous portion is acidified with concentrated hydro-
chloric acid and extracted into ethyl acetate to yield
16.95 g. of 1-[N-(carboxymethyl)-N-[(phenyimethoxy)-
carbonyl}-L-alanyl]-L-proline, 1,1-dimethylethyl ester.

(c)
(*)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,
1,1-dimethylethyl ester

The ester product from part (b) (10.0 g., 23 mmole) is
taken into dry tetrahydrofuran (75 ml.) with stirring in
an 1ce-bath. To this, oxalylchloride (2.4 ml., 27.6
mmole) 1s added dropwise followed by 15 drops of
dimethylformamide. After 20 minutes the ice-bath is
removed and the reaction mixture is kept at room tem-
perature for one hour. The mixture is then concentrated
to dryness in vacuo and taken into tetrahydrofuran (40
ml.) with stirring in an ice-bath. To this, 2-phenyl-4-
(phenylmethyl)-5(4H)-oxazolone (6 g., 23.8 mmole) in
tetrahydrofuran (35 ml.) is added dropwise followed by
triethylamine (3.22 ml., 23 mmole). Additional triethyl-
amine is added to maintain a basic atmosphere. After 20
minutes the ice-bath is removed and the reaction mix-

ture 1s kept at room temperature overnight. The trieth-

ylamine hydrochloride is filtered off and the filtrate is
concentrated to dryness in vacuo. The residue is taken
into pyridine (25 ml.) and 4-dimethylamino pyridine (75
mg.) 1s added and the solution is stirred for 3 hours
under an argon atmosphere. Acetic acid (25 ml.) is
added and the reaction mixture is stirred for 45 minutes
at 100° under a positive flow of argon. The reaction
mixture is concentrated to dryness, taken into ethyl
acetate, and washed neutral with saturated sodium bi-
carbonate and dilute hydrochloric acid. The crude
product (12.8 g.) s chromatographed on silica gel elut-
ing with ethyl acetate:hexane (1:1) to give 9.05 g. of
(*)-1-[N-{3-(benzoylamino)-2-0x0-4-phenylbutyl]}-N-

[(phenyimethoxy)carbonyl]-L-alanyl]-L-proline, 1,1-
dimethylethyl ester. |

(d)
(£)-1-|N-[3-(Benzoylamino)-2-oxo-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl}-L-proline

The ester product from part (¢) (11.4 g., 17.7 mmole)
1s taken into trifluoroacetic acid (50 ml.) and kept at
room temperature for 45 minutes. It is then concen-
trated to dryness and triturated with ether:hexane to
yield 10.3 g. of crude product. This material is purified
on a silica gel column in benzene/acetic acid (8:2) to
give 9.7 g. of (=%)-1-[N-[3-(benzoylamino)-2-0x0-4-
phenylbutyl}-N-{(phenylmethoxy)carbonyl]-I-alanyl]-
L-proline; m.p. 70°~91°%; [a]p?3= —53.0 (c=1.22, meth-
anol). Rr0.41 (silica gel, benzene/acetic acid; 8:2).

Anal. calc’d. for C33H3sN307: C, 67.68; H, 6.02; N,
1.17. Found: C, 67.95; H, 6.02; N, 6.82.

(e)
(£)-1-[N-[3 -(Benzoylamino)-2-oxo-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,
methyl ester

The acid product from part (d) (3.5 g., 6 mmole) is
taken into dimethylformamide (12 ml.) with stirring at
room temperature. To this sodivm bicarbonate (630
mg., 7.5 mmole) and methyl iodie (0.47 ml., 7.5 mmole)
are added. After 18 hours, additional methyl iodide (7.4
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mmole) and sodium bicarbonate (7.4 mmole) are added.
After stirring for an additional 4 hours, the reaction
mixture is concentrated to dryness in vacuo, taken into

ethyl acetate and washed with saturated sodium bicar-
bonate. The crude product (3.7 g.) is purified on a silica
gel column in ethyl acetate:hexane (2:1) to give 3.5 g. of

(+)-1-[N-[3-(benzoylamino)-2-0x0-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,
methyl ester.

(D)
(%=)-1-[N-[3-(benzoylamino)-2-oxo-4-phenylbutyl]-L-
alanyl]-L-proline,methyl ester, monohydrochloride

The ester product from (e) (900 mg., 1.5 mmole) 1s
taken into ethanol (95%, 100 ml.) and 1IN hydrochloric
acid (1.8 ml.). Palladium on carbon catalyst (10%, 130
mg.) is added and the reaction mixture 1s stirred under
hydrogen overnight. The reaction mixture 1s filtered to
remove the catalyst, concentrated to dryness and lyoph-
ilized twice from water to give 700 mg. of (==)-1-[N-[3-
(benzoylamino)-2-o0xo-4-phenylbutyl]-L-alanyl]-L-pro-
line, methyl ester, monohydrochloride;m.p. 110°-128"
(90°); [a]p?3=—69.9° (¢c=1.18, methanol). Rr0.63 (sil-
ica gel, chloroform/methanol/acetic acid; 9:1:1).

Anal. calc’d for C:sH3:1N305.HCL.0.92H,0: C, 60.22;
H, 6.58; N, 8.11; Cl, 6.84. Found: C, 60.22; H, 6.28; N,
8.10; Cl, 7.06.

EXAMPLE 110

(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl}-L-proline,methyl ester, monomethanesulfonate

(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-
N-[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,
methyl ester (600 mg., 1 mmole), prepared as set forth in
Example 109 (e), 1s taken into methanol (60 ml.) and
methanesulfonic acid (0.066 ml., 1 mmole). Palladium
on carbon catalyst (10%, 120 mg.) 1s added and the
reaction mixture is stirred under hydrogen for 2.5
hours. The reaction mixture 1s filtered to remove the
catalyst and then concentrated in vacuo. The crude
product is triturated with ether and filtered. The precip-
itate is taken into water and lyophilized to yield 470 mg.
of (=)-1-[N-{3-(benzoylamino)-2-0x0-4-phenylbutyl]-
L-alanyl]-L-proline, methyl ester, monomethanesulfon-
ate; m.p. 80°-140°; [a]p?®= —61.4° (¢=1.10, methanol).
Rr 0.63 (silica gel, chloroform/methanol/acetic acid;
9:1:1).

Anal. calc’d. for Cy6H31N305.CH40O3S: C, 56.98; H,
6.34; N, 7.30; S, 5.63. Found: C, 56.98; H, 6.32; N, 7.47;
S, 5.63.

EXAMPLE 111

(#)-1-[N-[3-(Benzoylamino)-2-oxo-4-phenylbutyl]-L-
alanyl}-L-proline, methyl ester, hemisulfate

(*+)-1-[N-[3-(Benzoylamino)-2-oxo-4-phenylbutylil-
N-[(phenylmethoxy)carbonyl}-L-alanyl]-L-proline,
methyl ester (600 mg., 1 mmole), prepared as set forth in
Example 109 (e), is taken into methanol (40 ml.) along
with 1IN sulfuric acid (0.9 ml.). Palladium on carbon
catalyst (10%, 120 mg.) is added and the reaction mix-
ture 1s stirred under hydrogen for 2 hours. The reaction
mixture 18 filtered to remove the catalyst, concentrated
to dryness, triturated with ether and filtered. The crude
product (446 mg.) 1s taken into water, millipore filtered,
and lyophilized to yield 405 mg. of (=£)-1-[N-[3-(ben-
zoylamino)-2-oxo-4-phenyibutyl]-L-alanyl]-L-proline,
methyl ester, hemisulfate; m.p. 98°-112° (85°);
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[a]p??=—60.3° (c=1.16, methanol). Ry 0.63 (trailing)
(silica gel, chloroform/methanol/acetic acid; 9:1:1).
Anal. calc’d. for CrsH31N305.0.5H>2S04.0.91H,0: C,
58.81; H, 6.42; N, 7.92; S, 3.01. Found: C, 58.81; H, 6.11;
N, 7.91; S, 3.09.

EXAMPLE 112

(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl]-L-proline,propyl ester, monomethanesulfonate

(2) _
(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-IN-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,
propyl ester

(+)-1-[N-[3-(Benzoylamino)-2-0xo-4-phenylbutyl]-
N-[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline
(1.17 g., 2 mmole), prepared as set forth in Example
109(d), is taken into tetrahydrofuran (2 ml.) with stir-
ring in an ice-bath. To this is added n-propanol (3.0 ml,,
40 mmole) followed by 4-dimethylamino pyridine (122
mg., | mmole) and dicyclohexylcarbodiimide (412 mg.,
2 mmole). The reaction is allowed to warm to room
temperature and to run overnight. The dicyclohex-
ylurea is filtered off and the filtrate 1s concentrated to
dryness in vacuo. The crude product (1.2 g.) 1s chro-
matographed on a silica gel column in benzene:acetic
acid (9:1) to yield 1.0 g. of (#)-1-[N-{3-(benzoylamino)-
2-0x0-4-phenylbutyl]-N-[(phenylmethoxy)carbonyl}-L-
alanyl]-L-proline, propyl ester.

(b)
(*+)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl}-L-proline, propyl ester, monomethanesulfonate

The ester product from part (a) (500 mg., 0.8 mmole)
is taken into methanol (50 ml.). Methanesulfonic acid
(0.72 ml. of 1IN solution in methanol) and palladium on
carbon catalyst (10%, 100 mg.) are added and the reac-
tion mixture is stirred under hydrogen overnight. The
reaction mixture is filtered to remove the catalyst, con-
centrated to dryness, triturated with ether and filtered
to vyield 406 mg. of crude product. This is taken into
water, millipore filtered, and lyophilized to yield 390
mg. of (Z)-1-[N-[3-(benzoylamino)-2-0x0-4-phenyl-
butyl]-L-alanyl]-L-proline, propyl ester, monomethane-
sulfonate; m.p. 82°-94° (69°); [a]p?3= —60.5° (c=0.95,
methanol). Rr0.46 (silica gel, chloroform/methanol/a-
cetic acid; 90:5:5).

Anal. cale’d. for CrgH3isN30s5.CH40O3S.0.5H-0O: C,
58.15; H, 6.73; N, 7.01; §, 5.34. Found: C, 38.135; H, 6.63;
N, 7.05; S, 5.34.

EXAMPLE 113

(*+)-1-[N-{3-(Benzoylamino)-2-oxo-4-phenylbutyl]-L-
alanyl]-L-proline, ethyl ester, monomethanesulfate

(a)
(£)-1-[N-[3-(Benzoylamino)-2-0xo-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline, ethyl

ester

(+)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl}-
N-[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline
(1.17 g., 2 mmole), prepared as set forth in Example 109
(d), is taken into tetrahydrofuran (2 ml.) with stirring 1n
an ice-bath. To this i1s added absolute ethanol (2.3 ml., 40
mmole) followed by 4-dimethylamino pyridine (122
mg., ] mmole) and dicyclohexylcarbodiimide (412 mg.,
2 mmole). The reaction i1s allowed to run overnight at
room temperature. The dicyclohexylurea is filtered off,
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the filtrate 1s concentrated to dryness, the residue is
taken into ethyl acetate and washed neutral with 10%
potassium bisulfate and saturated sodium carbonate.
The crude product (1.2 g.) is purified on silica gel col-
umn in benzene:acetic acid (8:2) to yield 1.0 g. of (+)-1-
[N-[3-(benzoylamino)-2-0xo0-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline, ethyl
ester.

(b)
(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl]-L-proline, ethyl ester, monomethanesulfate

The ester product form part (a) (500 mg., 0.8147
mmole) is taken into 50 ml. of methanolmethanolic
methanesulfonic acid (IN, 0.733 ml.). Palladium on
carbon catalyst (10%, 100 mg.) is added and the reac-
tion mixture 1s stirred under positive hydrogen pressure
for 3 hours. The reaction mixture is filtered to remove
the catalyst, concentrated to dryness, triturated with
ether and filtered. The precipitate (428 mg.) is taken
into water, millipore filtered, and lyophilized to yield
360 mg. of (x)-1-[N-[3-(benzoylamino)-2-oxo0-4-phenyl-
butyl]-L-alanyl]-L-proline, ethyl ester, monomethane-
sulfonate; m.p. 91°-96° (72°); [a]p?3=—57.2° (c=1.04,
methanol). Rr0.44 (silica gel, chloroform/methanol/a-
cetic acid; 90:5:5).

Anal. calc’d. for Cy7H33N305.CH4S03.0.6H,0: C,
57.33; H, 6.56; N, 7.17; S, 5.47. Found: C, 57.33; H, 6.43;
N, 7.12; S, 5.47. |

©)

EXAMPLE 114

(£)-1-[N-[3-(Benzoylamino)-2-oxo-4-phenylbutyl]-L-
~ alanyl]-L-proline, 1-methylethyl ester,
monomethanesulfonate

(2)
(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-N-
[(phenylmethoxy)carbonyl]-L-alanyl]-L-proline,

| 1-methylethyl ester

(£ )-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-
N-{(phenylmethoxy)carbonyl]-L-alanyl]-L-proline
(1.17 g., 2 mmole), prepared as set forth in Example 109
(d), and isopropanol (3.0 ml.,, 40 mmole) are taken into
tetrahydrofuran (2 ml.) with stirring in an ice-bath. To
this dicyclohexylcarbodiimide (412 mg., 2 mmole) is
added. The reaction is allowed to run overnight at room
temperature. It 1s then concentrated to dryness, taken
Into ethyl acetate and the dicyclohexvlurea filtered off.
The filtrate is washed neutral with 109 potassium bisul-
fate and saturated sodium bicarbonate. The crude prod-
uct (1.2 g.) is purified on a silica gel column with ben-
zene:acetic acid (8:2) to yield 1.0 g. of (£)-1-[N-[3-(ben-
zoylamino)-2-0x0-4-phenylbutyl}-N-[(phenylmethoxy)-
carbonyl]-L-alanyl]-L-proline, I-methylethyl ester.
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(b)
(£)-1-[N-[3-(Benzoylamino)-2-0x0-4-phenylbutyl]-L-
alanyl]-L-proline, 1-methylethyl ester,
monomethanesulfonate

The ester product from part (a) (815 mg., 1.3 mmole)
i1s taken into methanol (20 ml.) and methanolic methane-
sulfonic acid (IN, 1.17 ml.) and stirred under hydrogen
in the pressence of palladium on carbon catalyst (10%,
160 mg.) for 3 hours. The reaction mixture is filtered to
remove the catalyst and concentrated to dryness in
vacuo. The residue is triturated with ether and the pre-
cipitate filtered to yield 704 mg. of crude product. This
1s taken into 35 ml. of water (2% solution), millipore
filtered, and lyophilized to give 600 mg. of (=)-1-[N-[3-
(benzoylamino)-2-oxo0-4-phenylbutyl}-L-alanyl}-L-pro-
line, 1-methylethyl ester, monomethanesulfonate; m.p.
88°-105°; [a]p*= —55.2° (¢=1.05, methanol). R;0.33
(sthca gel, chloroform/methanol/acetic acid; 9:1:1).

Anal. calc’d. for CysHisN305.CH403S.0.66H,0: C,
57.89; H, 6.75; N, 6.99; S, 5.33. Found: C, 57.89; H, 6.62;
N, 6.62; S, 5.32.

EXAMPLES 115-123

Following the procedure of Examples 109, 112, 113
and 114, (%)-1-[N-[-3-(benzoylamino)-2-0x0-4-phenyl-
butyl}-N-[(phenylmethoxy)carbonyl]-L-alanyl]-L-pro-
line is treated with the reagent shown below in Col. 1.
Removal of the alanyl protecting group yields the ester
product shown below in Col. IL

Col. II

O CH; O
| |
COORg

| (L)
H

CH,

Ex-
arm-

ple Col 1

Rg

115 O | -irl)

116

117
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Cl—CH—Q-—~C—C3Hj;
O

e

CI—(i:H“*O—C-Csz
CH(CH3)2
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0O
Br— CHz—-o-g—CHg,

O
I

Cl—-CHg--O-—C-@

—CH—QO—C—CyH;
O
|

'—(I.'.‘H""'O—C-"'Csz
CH(CH3z)2

Il
—CHy~0O—C—C(CH3)y
O
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= CHy—QO—C—CHj3;

O
|

—CHy~~ O-C—@



4,535,176

01
-continued
Ex-
d1T]1-
ple Col. 1 R¢
120

i
I—CH)— C—0O—C(CH}3)3

I
~CHy=—C—0—C(CHj3)3

121 CHj CHj
O | O
I I
I—?—c~0~CH3 -—?mc—o—c&;
CHj3 CHj;
122 —CH(CH;—O0H)3
(I:‘,H—(CHQ—O'—CHQ—@)Z
OH
123 c|:H2—<I:H (|3H2 —CHZ--(IZH—-(I:HZ
OH O O OH OH

|

EXAMPLE 124

1-{N-[(S)-3-(Benzoylamino)-2-0x0-4-phenylbutyl}-L-
alanyl]-L-proline, sodium salt

1-[N-[(S)-3-(Benzoylamino)-2-o0xo0-4-phenylbutyl]-L-
alanyl]-L-proline, hydrochloride (424 mg., 1 mmole) 1s
dissolved in water (50 ml.). Agueous sodium bicarbon-
ate (0.1N, 20 ml.) is added and the aqueous solution is
lyophilized. It is then dissolved in water (10 ml.) and
applied on a column (5 ¢cm. X 60 cm) of Sephadex chro-
matography gel G-10 and eluted with water. Fractions
containing the desired product are pooled and lyophi-
lized to obtain 1-[N-[(S)-3-(benzoylamino)-2-0x0-4-
phenylbutyl}-L-alanyl]-L-proline, sodium salt.

EXAMPLE 125

1000 tablets each containing the following ingredi-
ents

1-[N—[(S)—3-(Benzoyl- 100 mg.
amino)-2-0xo-4-phenyl-

butyl}-L-alanyl]-L-

proline, sodium salt

Corn starch 50 mg.
Gelatin 7.5 mg.
Avice] (microcrystalline 25 mg.
cellulose)

Magnesium stearate 2.5 mg.

are prepared from sufficient bulk quantities by mixing
the 1-[N-[(S)-3-(benzoylamino)-2-o0x0-4-phenylbutyl]-
L-alanyl]-L-proline, sodium salt and corn starch with an
aqueous solution of the gelatin. The mixture is dried and
ground to a fine powder. The Avicel and then the mag-
nesium stearate are admixed with granulation. This
mixture 1s then compressed in a tablet press to form
1000 tablets each containing 100 mg. of active ingredi-
ent.

In a similar manner, tablets containing 100 mg. of the
product of any of Examples 1 to 123 can be prepared.

A similar procedure can be employed to form tablets
containing 50 mg. of active ingredient.
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EXAMPLE 126

Two piece #1 gelatin capsules each. containing 50
mg. of 1-[N-[(S)-3-(benzoylamino)-2-0x0-4-phenyl-
butyl]-L.-alanyl]-L-proline, sodium salt are filled with a
mixture of the following ingredients:

1-[N—f(S)—3-(Benzoylamino)-- 50 mg.

2-0x0-4-phenylbutyl]-L-

alanyl]-L.-proline, sodium

salt

Magnesium stearate 7 mg.

Lactose 193 mg.
250 mg.

In a similar manner capsules containing 50 mg. of the
product of any of Examples 1 to 123 can be prepared.

EXAMPLE 127

An injectable solution is prepared as follows:

1-IN—[{S)—3-(Benzoyl-
amino)-2-oxo-4-phenyl-
butyl]-L-alanyl]-L-
proline, sodium salt
Methyl paraben

Propyl paraben

Sodium chloride 2
Water for injection

500 g.

th Lh == Ln
— 0o @ 0

The active substance, preservatives, and sodium chlo-
ride are dissolved in 3 liters of water for injection and
then the volume is brought up to 5 liters. The solution 1s
filtered through a sterile filter and aseptically filled into
presterilized vials which are closed with presterilized
rubber closures. Each vial contains 5 ml. of solution in
a concentration of 100 mg. of active ingredient per ml.
of solution for injection.

In a similar manner, an injectable solution containing
100 mg. of active ingredient per ml. of solution can be
prepared for the product of any Examples 1 to 123.

EXAMPLE 128

1000 tablets each containing the following ingredi-
ents:

1-[N~—[(8)—3-(Benzoyl- 100 mg.

amino)-2-0xo-4-phenyl-

butyl]-L-alanyl]-L-

proiine, sodium salt

Avicel 100 mg.

Hydrochlorothiazide 12.5 mg.

Lactose 113 mg.

Cornstarch 17.5 mg.

Stearic acid 7 mg.
350 mg.

are prepared from sufficient bulk quantities by slugging
the 1-[N-{(S)-3-(benzoylamino)-2-0x0-4-phenylbutyl]-
L-alanyl]-L-proline, sodium salt, Avicel, and a portion
of the stearic acid. The slugs are ground and passed
through a #2 screen, then mixed with the hydrochloro-
thiazide, lactose, cornstarch, and remainder of the stea-
ric acid. The mixture is compressed into 350 mg. cap-
sule shaped tablets in a tablet press. The tablets are
scored for dividing in half.

In a similar manner, tablets can be prepared contain-
ing 100 mg. of the product of any of Examples 1 to 123.

What 1s claimed 1s:
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1. A compound of the formula
I
A ~emoman
Rg—c-——NH—-(le-—-c—-CHz—-N—CH-—c-—OH >
R "
: 3. A compound of the formula
wheri:m: o o | o H1C O
Ry 1s | | | {
Rg-—-C-NH-—-—(IZH--C--CHZ-—N-—CH;;--C-—OH
R3
—(CH2),», : 15 wherf_:in:
R» is
Ri4
R3is
20 “(CHZ)H‘I ;
R4
—(CH2)m— ; R 1s
Ri4 25
R is benzyloxycarbonyl: —(CH)m :
m is zero, one, or two: and | Ria
Ri14 1s hydrogen, methyl, methoxy, methylthio, 10
chloro, bromo, fluoro, or hydroxy. | m 1S Zero, one, or two; and
2. The compound of claim 1 wherein: R4 1s hydrogen, methyl, methoxy, methylthio,
R- is vhenvl chloro, bromo, fluoro, or hydroxy.
2 _ phenyl, 4. The compound of claim 3 wherein R;is phenyl and
R3 1s benzyl; and 35 Ra3is benzyl. |
R iS * ¥ * ¥ *
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